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Preface 


In an era defined by rapid technological advancement, Information, Communication, and 
Computing Technology (ICCT) has become the backbone of modern society. These inter- 
connected fields drive innovation, shape economies, and influence every aspect of daily life, 
from how we communicate and access information to how businesses operate and govern- 
ments function. However, with these advancements come significant challenges that require 
thoughtful consideration, innovative solutions, and ongoing research. 

This collection of papers addresses some of the most pressing challenges in ICCT. The 
contributors to this volume explore a range of topics that are at the forefront of current 
academic and industry discussions. As the digital world expands, so do concerns about the 
security of data and the privacy of individuals. This section delves into emerging threats, 
from cyber-attacks to data breaches, and discusses strategies to mitigate these risks. The 
explosion of data generated by various sources poses both opportunities and challenges. 
Effective data management and analytics are crucial for extracting meaningful insights, yet 
the sheer volume and variety of data present significant technical and ethical challenges. The 
infrastructure that supports global communication is constantly evolving. With the advent of 
5G and beyond, this section examines the challenges of building robust, high-speed, and 
reliable networks that can meet the demands of an increasingly connected world. These 
technologies are transforming industries but also raising questions about ethics, bias, and the 
future of work. This section explores the balance between leveraging AI’s potential and 
addressing the societal implications of its widespread adoption. As the boundaries of clas- 
sical computing are pushed, quantum computing presents both revolutionary opportunities 
and formidable challenges. The discussion here focuses on the current state of quantum 
computing and the hurdles that must be overcome to realize its full potential. The environ- 
mental impact of technology is an increasingly important concern. This section addresses the 
need for sustainable practices in computing and the development of energy-efficient tech- 
nologies. By bringing together diverse perspectives from experts in these fields, this volume 
aims to provide a comprehensive overview of the challenges facing ICCT today. It also seeks 
to inspire new ideas and approaches that will help overcome these challenges and pave the 
way for future technological advancements. 

We hope that this collection will serve as a valuable resource for researchers, practitioners, 
and students alike, providing insights that will inform their work and contribute to the 
ongoing evolution of Information, Communication, and Computing Technology. 
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Deep learning solution for diabetic retinopathy 
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ABSTRACT: The novel technique to diabetic retinopathy (DR) detection is the main 
emphasis of this work. With the use of a specially designed Convolutional Neural Network 
(CNN) trained on a carefully chosen dataset. It was possible to accurately classify whether 
DR is present. A well-designed CNN architecture and meticulous preprocessing go a long 
way toward the model’s excellent performance. Real-time DR forecasts are made possible by 
the research’s innovative creation of an intuitive online application. The model’s efficacy is 
demonstrated by evaluation on a different test set, underscoring its potential for early DR 
detection in clinical settings. 


Keywords: Diabetic Retinopathy, Detection Technique, Convolutional Neural Network, 
Classification, Model Architecture, Realtime Predictions, Efficacy Evaluation, Early 
Detection, Clinical Settings 


1 INTRODUCTION 


Diabetic retinopathy, a prevalent complication arising from diabetes and a major con- 
tributor to visual impairment and blindness, is anticipated to affect 3.2 million individuals 
globally by 2020. Its potential to induce vision loss in working-age adults raises concerns 
about economic productivity reduction. In India, 13 million individuals with diabetes exhibit 
varying degrees of diabetic retinopathy, with six million at risk of vision impairment, sig- 
nifying a one-in-five prevalence. The escalating global diabetes crisis is evident, with a pro- 
jected 65 million cases in India, expected to surge to 134 million by 2045. Approximately 
27.0% of the diabetic population worldwide experiences diabetic retinopathy, translating to 
0.4 million cases of blindness. Hospital-based studies suggest a prevalence of 31.6% in 
Africa. DR emerges as a predominant cause of preventable blindness among adults with 
diabetes, impacting global healthcare systems. Prompt intervention is very important as the 
number of patients are continuously increasing. The worldwide diabetic retinopathy-affected 
population is poised to escalate from 126.6 million in 2010 to 191.0 million by 2030. 
America’s direct cost of DR was $490,000,000 per annum according to the 2004 estimates. 
This research aims at proposing and testing a new method for detecting diabetic retinopathy 
(DR) using a specially designed Convolutional Neural Network (CNN). Our desire is to 
have an accurate classification about having or not having DR by careful preprocessing and 
well-constructed CNN architecture. Also, we want to demonstrate how it can be practically 
used with an simple web-based application that predicts real-time cases of DR with . We are 
also trying to show that this model is effective for early detection in clinical environments 
where there is potentiality for diagnosis of diabetic retinopathy. 
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2 RELATED WORKS 


There has been a lot of work done in detecting diabetic retinopathy through different 
methodologies and technologies in various studies. They were able to automate DR detec- 
tion using deep learning techniques as described by Smith et al. (2016) [1]. Their method 
achieved an accuracy rate as high as 92% in detecting diabetic retinopathy which is 
impressive for any system that deals with medical image analysis based on deep learning. So 
far so good, but what more can be done? Patel et al. (2019) [2] did an extensive evaluation of 
computer-aided diagnostic techniques for diabetic retinopathy to fuel further research in this 
area. The authors provided a comprehensive survey of the existing diagnostic methods and 
claimed accuracies between 85% and 95%, showing how dynamic diagnosis is within such 
field. Deepak Gupta and others [3] worked on automated detection methods of DR by 
focusing on retinal images. They were able to attain a success rate of around 88% to 98%. 
Kiran Kumar and others [4] used machine learning algorithms for DR detection and were 
able to get good results as the accuracy got around 90%. Priyanka Sharma and others [5] 
used image processing for this task while Nidhi Singh and others [6] used ensemble approach 
which led them to have an impressive accuracy of 94%. Deepshikha Mishra and others [7] 
outlined strengths and weakness associated with different automated methods they tested for 
detection of DR while Komal Verma [8] and others were able to get accuracy ranging from 
85% to 93% in their research. [9] Jyoti Sharma and others used different feature extraction 
methods and got a range of accuracies with highest being 94%. From foreign authors such as 
Chang Sik Lee [10] and others focused on early detection of DR using AI considering the 
benefits of early detection it was a good approach. Shuai Wang and others [11] added to the 
complexity of detection by using retinal vessel segmentation. Zhun Wang [12] used various 
image features such as textures and colors to get the job done. Eman Saleh and others [13] 
concluded that deep learning techniques are better than traditional deep learning techniques. 
[14] Guodan Xu and others used multi-layered CNN while Pouria Khojasteh and others [15] 
used both deep learning models and machine learning models for a comparative study. In 
conclusion, all this research work is a good treasure of knowledge and provide good insights. 


3 > METHODOLOGY 


To make our model for detection of DR from retinal images we used CNN. Below are the 
steps that we followed for making the model. 


3.1 Collecting data 


The very first step before building a model is to get a dataset of labeled images which can be 
found on various platforms such as Kaggle. The dataset should cover the various classes or 
categories you want your model to recognize. 


3.2 Preprocessing the data from dataset 


i) First step is to resize the retinal images (in or case). ii)Then we normalize the values of 
pixels to a specific range (for ex, a range could be [0, 1]). iti)Augment the dataset (if required) 
to increase variations with techniques like rotation, flipping, and zooming. 


3.3 Model architecture 


Design CNN architecture. CNN model consists of different layers such as convolutional 
layers, pooling layers, fully connected layers, and activation functions. 


3.4 Model compilation 


i) Choose a loss function appropriate for your task. ii) Select Adam, SGD or any other 
optimizer and a metric to monitor during training (e.g., accuracy). 


3.5 Training 


i) Split your dataset into training and validation sets. ii)Feed the training data through the 
network and adjust the weights using back propagation to minimize the loss. iii) Validate the 
model on unseen data to ensure it generalizes well. 


3.6 Hyperparameter tuning 


Experiment with hyperparameters such as learning rate, batch size, and network architecture 
to optimize performance. 


3.7 Evaluation 


Assess the model’s performance on a separate test dataset. Evaluate metrics like accuracy, 
precision, recall, and F1 score. 


3.8 Prediction 


Use the trained model to make predictions on new, unseen images. CNNs are deep learning 
architectures specialized for dealing with visual data like images and video. CCN has dif- 
ferent components that allow it to acquire and refine hierarchical representation of the input 
information on its own. Here are the key components of a typical CNN. 


3.9.1 Convolutional layer 

A convolutional layer lies at the heart of CNN. It makes use of a set of filtering (convolu- 
tion) operations on input information to detect the patterns and features embedded within. 
Each of these filters looks only for certain kinds of spatial structure in the input. 


3.9.2 Activation function 

Non-linear characteristics are introduced in the network by activation functions, like ReLU 
(Rectified Linear Unit). Pooling (Subsampling or Down-sampling) Layer: The pooling lay- 
ers shrink the spatial dimensions of the intermediate feature maps. The most common ones 
are max-pooling and average-pooling which select the highest or lowest pixel value 
depending on the application from a local neighborhood area. Due to pooling, it is possible 
to avoid complexity which may be associated with different categories of data and prevent 
overfitting. The final stages of CNN consist of fully connected layers. These connections link 
each neuron of one layer directly to each neuron of the next layer. These layers form the bulk 
of neural networks and are used for classifying with the network giving out a probability of 
different classes. Flattening: The flattening of feature maps takes place in the one- 
dimensional space before joining to fully interconnected layers. To provide input to Dense 
Neural Network, Spatial structure is flattened and becomes linear form. Dropout Layer: 
Some layers that randomly turn off some neurons during training to avoid overfitting. Such 
normalization techniques improve the ability of the network for data generalization. Batch 
Normalization: The batch normalization normalizes the input of each layer ensuring that 
training is stable and efficient. It helps speed up convergence in training and is mildly 
regulated. Padding: Padding involves incorporating additional pixels into the initial image so 
that spatial dimension preservation occurs during the convolution process. Padding helps to 
minimize the reduction on feature map size becoming too fast. Striding: Strided convolution 


specifies the stride of the convolutional filter through each point in the array of inputs. It 
involves the spatial dimensions of feature maps and as the strids become large, feature maps 
become smaller. Weight Initialization: Weights should be properly initialized for optimal 
learning within CNNs. Some methods such as Xavier/Glorot initialization are used to 
initialize the weights according to the size of the neural network model applied. Here, a 
simplified example with a 10x10 image is taken to illustrate the Convolutional Neural 
Network (CNN) process. For simplicity, a grayscale image (each pixel has a single intensity 
value) is considered. A superficial view of image CNN is show in Figure 1. 


Convolutional Neural 0) 
Network(CNN) Output 
Convolution Pooling Convolution Pooling --"- 3 e 
ee ee im iy 0.2 
- | oe? Cat 
T RS 0.1 
Y mi @ SO = Cow 
= | g i 
4 T.E | A A Dog 
Kernel ~E 4 
Input Image Featured Pooled Featured Pooled Flatten 
maps Featured maps maps Featured maps layer @ 
+ > ++ — 
Feature Maps Fully connected layer 
Feature Extraction Classification Probabilistic 
7 a distribution 


Figure 1. Pictorial representation of CNN. 


3.10 Input image 


Start with a 10x10 pixel grayscale image in which there are many pixels having different 
values. 


3.11 Convolutional layer 


Applied a convolutional operation with a small filter (e.g., 3x3) to capture local patterns. 
The filter slides over the image, and at each position, it computes the dot product between its 
weights and the corresponding region of the input. 


3.12 Activation (ReLU) 


Applied a Rectified Linear Unit (ReLU) activation function. These functions are important 
to have non-linearity. 


3.13 Pooling layer 


Applied max pooling to reduce the spatial dimensions. The most relevant information 
is kept. 


3.14 Fully connected layer 


Flatten the pooled feature map (e.g., 3x3 matrix) into a vector. 


3.15 Output layer 


Produce the final output, often using a SoftMax activation for classification. The actual 
values in the output layer depend on the learned weights during training and the specific 


architecture of the neural network. The SoftMax function is applied to convert the values 
into probabilities. The class having maximum probability is chosen as result of detection. 

After the model is compiled and saved, we used Streamlit which is a python framework for 
making web applications easily and rapidly. We made a simple interface where the user can 
upload a retinal image. The input image is then pre-processed and then fed to the trained 
model. The result will then be displayed to the user as we can see it in Figure 2. 


Diabetic Retinopathy Detection 


Figure 2. Web application for detecting DR. 


4 RESULT ANALYSIS 


With the given code, the diabetic retinopathy detection model underwent 15 epochs of training. 
An analysis of the most important findings from the training and assessment outcomes is pro- 
vided below in Figure 3. Evolution of Training: With an accuracy of 90.94%, the training loss in 
the first epoch was 0.2754. The training accuracy and loss trended downward in the following 
epochs, peaking at 99.80% training accuracy and 0.0139 training loss in the 12th epoch. 

Performance Validation: Throughout training, there were variances in the validation loss 
and accuracy. Epoch 4 witnessed a noteworthy decrease in validation loss (0.3567) along 
with a commensurate rise in validation accuracy (89.09%). 


Figure 3. Image showing results of the CNN model for detection of diabetic retinopathy. 


Test Set Assessment: The last test set evaluation gave us a 94.18% test accuracy and a test 
loss of 0.1868, which implies that our model performs well in generalizing on new data and 
can therefore be used as an effective diagnostic tool for detecting diabetic retinopathy. 

Model Generalization: On this occasion, our model exhibited a lot of generalizability with 
regards to the test set hence proving its applicability in real life situations. It showed that it 
could identify fresh pictures never seen before as those showing symptoms of this disease by 
achieving 94.18% accuracy during tests. 

Early halting: During training, weights were rolled back to their best values based on 
validation loss using early stopping technique. This might have helped in avoiding over- 
fitting thus enabling our model to work beyond what was trained on. 

Recommendations: Although such this model can be used for recognizing diabetic reti- 
nopathy with an accuracy rate of 94.18%, there is still a need for more tuning and optimi- 
zation to enhance its performance further. 
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ABSTRACT: The need for next-generation wireless networks is increased by the expec- 
tation that Internet of Everything (IoE)-based smart services will become extremely popular 
in the future. While fifth generation (5G) networks can support a wide range of IoE services, 
they may not be able to fully satisfy the demands of next generation services. We have 
discussed technologies like enhanced mobile technology, brain computer interfaces (BCI), 
and senses information technology that will be fueled by the advent of 6G. The constraints of 
5G networks are expected to be overcome by sixth generation (6G) wireless technology. To 
confront these challenges, we propose feasible solutions like authentication systems under- 
pinned by distributed ledgers, secure business models fueled by blockchain, homomorphic 
encryption, and transceivers that harness deep Q-learning and federated learning. We then 
dive into the specific implementation intricacies and potential hurdles for each approach, 
empowering readers to comprehend and implement them in their own unique contexts. 


Keywords: 6G, IOT, Artificial intelligence, machine learning, terahertz communication 


1 INTRODUCTION 


IoE stands for the Internet of Everything, which is the combination of objects, data, people, 
and processes through developing technologies to provide a wide range of smart services [3]. 
The primary tenets of these services are long-distance communication, unmanned mobility 
management, and high data speeds. A vast range of intelligent IoE-based services are 
anticipated to be made possible by fifth-generation (5G) wireless networks. 

Intelligent spectrum management, and 5G new radio [1,7,10 and 18]. Nevertheless, 5G has 
a number of intrinsic restrictions that have made it difficult for it to reach its full potential 
thus far. The capabilities indicated by 5G key performance indicators are being surpassed by 
the development of various data centric, automated procedures [19]. The prevalent 
assumption in SG URLLC has been to prioritize small packet sizes for optimal performance. 
However, emerging applications like telemedicine, networked autonomous vehicles, and 
haptic necessitate long packets with unwavering reliability and high data throughput, chal- 
lenging this conventional viewpoint [5]. The limitations of fifth generation (5G) wireless 
networks in terms of connectivity density and dynamic resource allocation render them 
insufficient for the burgeoning demands of next-generation smart industries, also 5g con- 
nectivity density is limited to 10°/km? [22] might not meet the demands of smart industries in 
the future.This necessitates the paradigm shift to sixth generation (6G) systems, where arti- 
ficial intelligence (AI) is not merely an add-on but rather the fundamental driving force. 
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Leveraging the power of mathematical optimization algorithms, 6G AI engine will dyna- 
mically sculpt the network fabric. This symbiotic interplay between data and intelligence will 
culminate in a network not simply connected, but truly optimized, capable of seamlessly 
waltzing with the intricate complexities of the forthcoming industrial revolution. 

The spectrum of optimization techniques encompasses strategic reasoning via game the- 
ory, efficient resource allocation through convex optimization, approximation methods via 
heuristics, and comprehensive exploration through brute-force algorithms. However, the 
problem of excessive complexity that these solution approaches may have lowers a system’s 
capability. Numerous difficult mathematical problems even some that cannot be represented 
by mathematical equations can be optimized using machine learning. 

While promising, these advancements face challenges in guaranteeing robustness, effec- 
tively managing because of their inherent uncertainty, and overcoming the fronthaul cost 
hurdle [11]. The elusive “true evolved common public radio interface” remains a goal, hin- 
dering wider adoption [11]. 

To address these roadblocks, a novel 6G architecture is crucial. Figure 1 provides an 
overview of this vision, outlining key requirements for 6G. The figure also showcases 
enabling technologies and potential use cases. For further context, Figure 2 presents a 
timeline of various wireless mobile technologies, their launch years, and key features [2]. 
Finally, Table 1 offers a comparative view of 5G and 6G across various parameters, drawing 
insights from multiple sources [5,13,19]. 

By overcoming these challenges and embracing innovative 6G architectures, we can pave 
the way for a future of robust, adaptable, and ubiquitous wireless connectivity. Rethinking 
our approach to VNF management, cost optimization, and open interfaces is critical to 
unlocking the full potential of this next-generation technology. 


Table 1. Comparison between 5G and 6G. 


Parameter 5G 6G 

Peak data rate 10-20 Gbps >1Tbps 

Spectrum efficiency 3-5x relative to 4G 3x relative to SG 
Energy efficiency 1000x relative to 4G 10x relative to 5G 
End-to-end reliability Requirements 99.999% 99.99999% 
Traffic density 10Tb/s/km^2 100Tb/s/km^2 
Latency ms level >Ims 
Radio-only-delay requirements 100ns 10ns 

Mobility 350km/h >1000km/h 
Processing delay 100ns 10ns 


2 6G RESEARCH AND MARKET STATISTICS 


CoWhile 5G rollout continues, researchers are already looking ahead, envisioning 6G as the 
backbone for next-generation smart services on the Internet of Everything (IoE). Market 
projections anticipate a 70% compound annual growth rate for 6G between 2025 and 2030, 
reaching a staggering $4.1 billion by 2030 [6]. Within this burgeoning market, communica- 
tion infrastructure alone is expected to hold the lion’s share at $1 billion, showcasing its 
crucial role in enabling seamless connectivity. AI chipsets, another key component, are 
projected to reach over 240 million units by 2028, highlighting the increasing importance of 
intelligent processing at the edge. Several organizations are actively driving 6G forward. The 
University of Finland’s 6G flagship initiative, led by the University of Oulu, aims to create a 
common ecosystem to support 6G innovation and 5G adoption [8]. They founded five 
subsidiaries, later joining Interdigital and Keysight Technologies This spirit of cooperation 
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transcends borders as the Korean government partners with the University of Oulu to 
develop 6G. LG established its first dedicated research lab in Korea, while SK Telecom 
partnered with industry giants Samsung, Nokia, and Ericsson for joint research. China has 
officially announced its own 6G research initiatives, with tech giant Huawei already making 
strides at its Ottawa, Canada, research center. The US, under the President’s guidance, has 
also launched various 6G programs. Notably, the NYU. Wireless research center, with its 
diverse team of nearly 100 faculty and graduate students, is actively contributing to 6G 
foundations, machine learning, quantum nanodevices, and testbed development. The flurry 
of activity around 6G demonstrates a collective vision for a future powered by seamless data 
exchange and intelligent processing. As research progresses and collaborations strengthen, 
the groundwork is being laid for a transformative era of hyper-connectedness, paving the 
way for unimagined possibilities in the IoE landscape. 


3 EXISTING SURVEYS AND TUTORIALS 


A few examinations overviewed 6G remote frameworks [4,5,11,13,17,19], Saad et al. intro- 
duced applications, empowering advances, and hardly any open examination challenges [5]. 
They talked about applications, measurements, and administrations for 6G. In addition, 6G 
driving patterns and execution frameworks were introduced. Researchers introduced the 
vision of man-made intelligence enabled 6G remote organizations [4]. The creators in zeroed 
in on 6G use cases, and open exploration challenges. The review directed in [19] examined 
the development of remote correspondence frameworks towards 6G and introduced its uti- 
lization cases. At last, they talked about the joining of knowledge in 6G frameworks. 
Another review talked about empowering advances, design, necessities, and key drivers of 
6G [11].6G communication platforms and usage options. In essence, the originator of 6G 
provided the key to expanding the capabilities, and potential technologies of 6G wireless 
networks. One strand focuses on the key techniques enabling the transition to 6G, with 
Zhang et al. outlining the vision and core technologies [3]. Others like Zhang et al. and 
Akyildiz et al. delve into potential use cases for 6G, outlining specific requirements for data 
rates, latency, efficiency, and connectivity density [3,17].Intelligentization through machine 
learning takes center stage in Kato et al.’s work, while they also highlight ten crucial chal- 
lenges in this area [19]. Researchers provide a comprehensive discussion of fundamental 6G 
technologies such as terahertz communications and smart grid environments, alongside key 
performance indicators [17]. Notably, several papers, including Akyildiz et al., identify open 
research questions that require further investigation for successful 6G deployment [17]. 


4 AIAND 6G 


AI is poised to play a pivotal role in the 6G network, moving beyond its limited usage in 5G. 
While classical machine learning algorithms like SVM and Bayesian networks have found 
applications in 5G, such as network traffic classification and intrusion detection, 6G will see a 
full-fledged integration of AI for various purposes. This includes intelligent reasoning, decision- 
making, and optimization of architecture, operations, and protocols. AI’s ability to learn from 
massive data sets and make predictions even with incomplete information makes it a powerful 
tool for enhancing network performance. This is due to its successful application in other layers 
of communication systems in previous generations. Building on these successes and the antici- 
pated challenges of 6G, AlI-based approaches are being explored for various aspects of the 
network.SDN and NFV, also known as network softwarization, are key enabling technologies 
that contribute to 6G’s architectural innovation, such as network slicing. This allows for greater 
flexibility and customization, potentially leading to new business models, increased profitability 
for service providers, and reduced operational costs. Shown in Figure 1. 
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Figure 1. Evolution of wireless mobile technologies. 


5 APPLICATIONS OF 6G WIRELESS SYSTEMS 


6G is about to reshape our communication methods by integrating seamlessly with artificial 
intelligence (AI). It extends way past the limited capabilities of 5G. With 6G, AI will become 
crucial, giving rise to new skills,and revolutionizing the entire networking process. Prepare to 
witness the transformational might of AI-enabled 6G, a technological shift that will usher in 
an age of limitless connectivity and umpteen chances. 


5.1 Enhanced mobile broadband 


Expect quicker data speeds and more ability to handle information with 6G tech improve- 
ments. These upcoming changes promise a better mobile internet experience like never 
before. Immersive applications like virtual and augmented reality will reach unprecedented 
heights, and gaming will be improved with quicker response times and better game quality. 


5.2 Brain-computer interface (BCT) 


Brain-computer interfaces (BCIs) are set to change the way we connect with our surround- 
ings in the era of smart communities. These interfaces skip the usual ways of communicating, 
allowing the brain to talk directly with outside devices. This includes common everyday 
items like household appliances and medical gear.However, to fully use Brain-Computer 
Interfaces (BCIs), we need strong communication networks. They must be better than 
modern tech, such as 5G. BCI uses wireless applications that need super-fast data speeds 
over 10 Gbps. 6G’s key strengths, like its super-fast low-delay exchange (uHLSLLC) and its 
incredible device communication ability (mMTC), help make Brain-Computer Interface 
(BCI) systems possible. 6G is the key for making BCIs work in smart environments. 6G 
allows BCIs to start a new chapter of communication between humans and machines. It 
blurs the boundary between our thoughts and the smart world around us. 


5.3 Senses information transmission 


6G is set to outdo 5G in terms of data transfer capabilities, venturing into new realms of 
multisensory connectivity. This innovation in 6G technology focuses on sensory integration, 
aiming to offer an all-inclusive data experience that engages all five senses. By dealing with 
issues like extremely high bandwidth and extraordinarily low latency, it is 6G that might just 
bring this vision to life. When you factor in artificial intelligence and developments in brain- 
computer interfaces, the potential for a 6G world become even larger. This opens the pos- 
sibilities of truly experiencing the world around us, in vibrant, hyper-real detail. 
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5.4 Automation and manufacturing 


6G’s embedded AI paves the way for disruptive advancements in automation, promising 
reliable, scalable, and secure communication via UHLSLLC, mMTC, and uHDD services. 
6G ensures network integrity with near-zero data loss, empowering intelligent manufactur- 
ing through real-time optimization and adaptive strategies, ultimately redefining automation 
paradigms and shaping a future of hyper-flexible production. 


5.5 Autonomous vehicles and robotics 


6G will change things for Connected Autonomous Vehicles (CAV). 6G tech will make things 
easier for robots and self-driving. Fast speeds need the THz band. It handles frequencies 
from 100 GHz to 1 THz, which will make 6g an integral part of CAV. 

Introduction of 6G networks will aid in facilitating autonomous robotics and self-driving 
vehicles. 6G, due to its shorter wavelength, provides a larger spectrum, enhancing detection 
and positioning resolution. It boosts the precise shaping of the beam and boosts data transfer 
capacity by exploiting higher frequency bands. For rapid speeds, the THz band is needed, 
generally spanning the frequency range from 100 GHz to 1 THz. 


5.6 Smart cities 


Smart cities appeared as a concept around 1994, using technology to boost city systems and 
improve citizen’s lives. But after the COVID-19 outbreak, this idea became vital. Necessary 
human activities such as education and social interactions shifted towards online platforms. 
Shown in Figure 2. 
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Figure 2. Smart cities using 6G technology. 


6 CONCLUSION 


We have discussed recent developments that make 6G wireless systems work, created a 
thorough classification based on various factors, and highlighted mark open challenges 
along with key recommendations. We have also discussed key factors, advantages, and 
applications of 6g wireless system. We conclude that 6G systems will enable intelligent ser- 
vices based on the internet of things allowing smart cities to reach their full potential. 
Applications of 6g have also been discussed which will play a huge role in future technology. 
Artificial intelligence will play an important role in solving complex network optimization 
problems in 6G wireless systems. One of the main communication bands in the 6G system is 
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terahertz communication. The development of new models is very important for terahertz 
communications. Moreover, since quantum communication is still in its infancy, new models 
need to be developed. 


REFERENCES 


Agiwal M., A. Roy, and N. Saxena. (2016). Next generation 5G wireless networks: A comprehensive 
survey, IEEE Commun. Surveys Tuts., vol. 18, no. 3, pp. 1617-1655, 3rd Quart. 

Alsharif M. H., Kelechi A. H., Albreem M. A., Chaudhry S. A. and Zia M. S., and Kim S., Sixth 
Generation (6G) Wireless Networks: 

Antonakoglou K., Dohler M., Mahmoodi T., Steinbach E. and Xu X. (Apr. 2018). Toward haptic 
communications over the 5G tactile Internet, IEEE Commun. Surveys Tuts., vol. 20, no. 4, pp. 3034-3059. 
Arya V., N. Sharma, M. Kumari, A. Anand and R. Chauhan. (2023). Coverage schemes in wireless 
sensor networks: A review, 2023 International Conference on Advances in Computation, Communication 
and Information Technology (ICAICCIT), Faridabad, India, pp. 833-838, doi: 10.1109/ 
ICAICCIT60255.2023.10465951. 

Bennis M., Chen M. and Saad W. (May 2020). A vision of 6G wireless systems: Applications, trends, 
technologies, and open research problems, IEEE Netw., vol. 34, no. 3, pp. 134-142. 

Bennis M., Debbah M. and Poor H. V. (Oct. 2018). Ultrareliable and low-latency wireless commu- 
nication: Tail risk and scale, Proc. IEEE, vol. 106, no. 10, pp. 1834-53. 

Chen F. Hu, B., and Zhu K. (2018). Full spectrum sharing in cognitive radio networks toward 5G: A 
survey, IEEE Access, vol. 6, pp. 15754-15776. 

Chen S., Liang Y.-C., Sun S., Kang S., Cheng W., and Peng M. (Apr. 2020). Vision, requirements, and 
technology trend of 6G: How to tackle the challenges of 23, 2020. [Online]. Available: system coverage, 
capacity, user data-rate and movement speed, IEEE Wireless Common., vol. 27, no. 2, pp. 218-228. 
David K. and Berndt H. (Sep. 2018). 6G vision and requirements: Is there any need for beyond 5G? 
IEEE Veh. Technol. Mag., vol. 13, no. 3, pp. 72-80. 

Da Xu S. Li, L., and Zhao S. (Jun. 2018). 5G Internet of Things: A survey, J. Ind. Inf. Integr., vol. 10, pp. 1-9. 
Durisi G., Koch T. and Popovski P. (Sept. 2016). Toward Massive Ultra-reliable and Low-Latency 
wireless communication with short packets, Proc. IEEE, vol. 104, no. 9, pp. 1711-26 

Fettweis G. P. (Mar. 2014). The tactile Internet: Applications and challenges, IEEE Veh. Technol. 
Mag., vol. 9, no. 1, pp. 64-70. 

Gill K. S., Anand V., Chauhan R., Rawat D. and Gupta R. (2023). Using deep learning and 
mobileNet50V2 CNN Model to classify chest X-Ray images for pneumonia disease detection, 2023 2nd 
International Conference on Futuristic Technologies (INCOFT), Belagavi, Karnataka, India, pp. 1-6, 
doi: 10.1109/INCOFT60753.2023.10425642. 

Giordani M., Polese M., Mezzavilla M., Rangan S., and Zorzi M. (Mar. 2020). Toward 6G networks: 
Use cases and technologies, IEEE Commun. Mag., vol. 58, no. 3, pp. 55-61. 

Haselmayr W. et al. (Mar. 2019). Integration of molecular communications into future generation 
wireless networks, Proc. 6G Wireless Summit, pp. 1-2. 

Painuly, S, Kohli P., Matta P., and Sharma S. (2020). Advance applications and future challenges of 5G 
IoT, in Proceedings of the 3rd International Conference on Intelligent Sustainable Systems, ICISS 2020, 
pp. 1381-84. 

Saravanan, G, Neelakandan S., Ezhumalai P., and Maurya S. (2023). Improved Wild Horse 
Optimization with Levy Flight Algorithm for Effective Task Scheduling in Cloud Computing, 12.1. 
Shah S. A. A., Ahmed E., Imran M., and Zeadally S. (Jan. 2018). 5G for vehicular communications, 
IEEE Commun. Mag., vol. 56, no. 1, pp. 111-117. 

Strinati E. Calvanese, Barbarossa S., Gonzalez-Jimenez J. L., Ktenas D., Cassiau N., Maret L., and 
Dehos C. (Sep. 2019). 6G: The next frontier: From holographic messaging to artificial intelligence using 
subterahertz and visible light communication, IEEE Veh. Technol. Mag., vol. 14, no. 3, pp. 42-50. 
Vimal, V., Singh, T., Qamar , S, Nautiyal, B and Kumar, A. (2020). Artificial intelligence-based novel 
scheme for location area planning in cellular networks. Computational Intelligence 37(5). DOI: 10.1111/ 
coin. 12371 

Li Y. et al. (Sept. 2018). Joint optimization of radio and virtual machine resources with uncertain user 
demands in mobile cloud computing, IEEE Trans. Multimedia, vol. 20, no. 9, pp. 2427-38. 


14 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


A hybrid approach for detection of liver tumor using CNN and 
ResNet 


Y. Balaji, S. Srinivasulu Raju, R. Sai Ram, CH. Sri Viresh & A. Lohith 
VR Siddhartha Engineering College, Vijayawada, Andhra Pradesh, India 


ABSTRACT: The upper right quadrant of the abdominal cavity contains the liver. As the 
liver’s main tasks consist of blood filtration, chemical detoxification, and metabolism of drugs 
and alcohol. Tumors are atypical masses of tissue that frame when cellular expansion starts to 
quicken. Most liver tumors are metastatic. There’s a different cluster of liver ailments that 
result in two million passings per year, with one million of those deaths specifically caused by 
hepatocellular carcinoma. By 2040, liver cancer is projected to experience a 55% increase in 
both new cases and fatalities. This would elevate it to the third most common type of cancer 
globally and place it among the top five deadliest cancers in 90 countries. In October 2022, the 
World Health Organization (WHO) released a study in the Journal of Hepatology. Medical 
imaging might potentially detect them, and a liver biopsy is typically performed to confirm the 
diagnosis. This inquire about presents a crossover procedure that utilizes a combination of 
Convolutional Neural Arrange (CNN) and Resnet show to precisely identify liver cancers. 


Keywords: Component, Liver tumor, Liver cancer, Convolutional neural network, Resnet, 
Segmentation of tumor 


1 INTRODUCTION 


Found underneath the stomach within the upper right quadrant of the stomach depression is 
where you'll discover the liver. It sits over the proper kidney, guts, and stomach. The liver, 
which is about three pounds in weight and has a deep reddish-brown color, is a conical-shaped 
organ. The two main sections of the liver, called the lobes, are located on either side of the 
organ M. Khened, Lojan Sivakumaran, Raju, et al. [1-3]. The liver’s vital part is to channel 
out hurtful substances from the blood because it voyages from the stomach related framework 
to the rest of the body. The detoxification of poisonous compounds and the digestion system of 
alcoholic and medicate items are the capacities of the liver. As part of its regular function, the 
liver returns excess bile to the intestines. The body’s biggest organ, the liver, is essential for 
breaking down food into its component parts Yizhao Zhou, et al. [4]. The creation of certain 
proteins for blood plasma is one of the many jobs performed by the liver. 


i) The synthesis of cholesterol and specialized proteins that facilitate the transportation of 
fats throughout the body. 

ii) The conversion of surplus glucose into glycogen for storage, as well as to regulate glucose 
levels and provide glucose as needed. 


Tumours are anomalous masses of tissue that form when cellular proliferation begins to 
accelerate. The liver can develop two main types of tumors: i) Noncancerous or benign tumors — 
These are typically, the diagnosis is made by the use of an ultrasound, CT scan, or MRI scan 
research. ii) Harmful or Cancerous Tumor — Cancerous (dangerous) tumors within the liver can 
start within the liver itself (essential liver illness) or can spread from cancerous destinations in 
other parts of the body (metastasis). Most liver tumors are metastatic. 
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There are numerous liver illnesses that lead to 2 million deaths per year globally, with 
hepatocellular carcinoma accounting for 1 million of these fatalities. Hepatocellular carci- 
noma (HCC) is the foremost predominant type of cancerous development within the liver, 
making up over 80% of cases. Liver cancer is getting to be more predominant in different 
nations worldwide, affecting both males and females as a form of tumor Kiranpreet kaur, 
et al. [5]. Projections suggest that the occurrence and transience rates of liver growth could 
increase by 55% by 2040, situating it as the third most common malady universally and one 
of the beat five causes of cancer-related passings in 90 nations. Based on a study published by 
the World Health Organization (WHO) in the Hepatology Journal in October 2022. 
Annually, around 800,000 individuals worldwide are diagnosed with liver cancer. Medical 
imaging often reveals their presence, and a liver biopsy is commonly employed to confirm 
the diagnosis M. P. Arakeri, et al. [6]. 

These examinations are expensive and require a significant amount of time. Unlike tradi- 
tional methods, this methodology addresses image processing by employing advanced deep 
learning techniques, including Convolutional Neural Networks (CNN) and ResNet models, 
which is an abbreviation for Residual Network. The main objective is to develop a robust and 
dependable Convolutional Neural Arrange (CNN) framework that can precisely distinguish 
the Locale of In-terest (ROT) by extricating significant data from encompassing regions. 


2 LITERATURE REVIEW 


G. Krishnamurthi, et al. [7] introduces the 2D-DenseNet architecture. This engineering was 
particularly outlined to address the challenges experienced in restorative picture division 
errands, such as moo differentiate, clamor, and varieties in organ estimate and shape. The 
“LiTS” each counting a liver and one or more tumors. This dataset is utilized to prepare and 
assess the proposed show. Based on exploratory comes about, the proposed show outper- 
forms a few state-of-the-art methodologies in tumor division on the LiTS dataset. The 
creators conduct a comprehensive examination and visualization of the model’s execution, 
demonstrating its capability in precisely sectioning the liver and tumors in CT checks. G. 
Chatranand, et al. [8] presented a new study titled “Liver-Tumor Detection Using CNN 
ResUNet” where they made a cross breed demonstrate for recognizing liver tumors from CT 
check pictures. This demonstrate combines both CNN and ResUNet models. The combi- 
nation of Convolutional Neural Network (CNN) and Residual U Net (ResUNet) model is a 
technique used to identify liver tumors using deep neural network models. The study’s results 
revealed that the proposed model surpassed previous deep learning models, with an out- 
standing accuracy rate of 96.9%. The model exhibited a high level of specificity and sensi- 
tivity, indicating its ability to accurately distinguish between malignant and benign tumors. 

M. Younas, et al. [9] presents a modern strategy for precisely recognizing liver tumors in CT 
looks. This strategy uti-lizes a fractal leftover neural arrange and a multi-scale era of candidates 
procedure. The fractal remaining arrange is utilized to improve the precision of the starting 
tumor candidates delivered by the proposed strategy at diverse scales. The creators conducted 
tests on a dataset that’s accessible to the open, and illustrated that their approach performed 
superior than other state-of-the-art calculations in terms of both exactness and viability in 
segment-ing the information. The suggested method could improve the precision and efficiency 
of medical liver tumor segmentation if applied. Hence simplifying treatment planning and 
diagnostics. However, the work does, as well as the lack of comparisons with other multi-scale 
techniques. G. Teja, B, et al. [10] Discuss the methodologies and future prospects of liver seg- 
mentation in medical imaging, including its applications. The essay explores various Various 
photo segmentation techniques, such as thresholding, region-growing, level collections, and 
machine learning algorithms, are employed to segment the liver. The authors also explore the 
practical uses of liver segmentation in medical imaging, including treatment planning, surgical 
navigation, and disease identification. Li, Z, et al. [11] The paper concludes by addressing future 
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prospects in liver segmentation research, such as the advancement of more precise and efficient 
segmentation techniques, and the integration of multi-modal imaging data to enhance the 
accuracy and resilience of liver segmentation. In summary, this work offers a thorough exam- 
ination of liver segmentation techniques and their possible uses in the field of medical imaging. 
Z. Zhang, et al. [12] Propose a strategy that combines the strengths of two deep learning 
architectures to improve the identification of liver tumors. The researchers suggest a hybrid 
model for classifying liver CT scan images as either benign or malignant. This show combines 
the utilize of convolutional neural systems (CNN) and leftover systems (ResNet) design. When 
compared the CNN and ResNet models, the hybrid model had better results in terms of speci- 
ficity, sensitivity, and precision, according to the study.. The results obtained from these tech- 
niques largely target the expertise of ultrasound professionals. The user’s text is a bullet point. 
Another potential method to consider is the utilization of Computed Tomography. However, it 
also has some limitations in accurately detecting targeted cells and the occurring damages, with a 
high probability of mistakes. The analysis of CT scans is a labor-intensive process that might 
result in inaccurate, erroneous, or inconsistent results, and is typically subjective. 


3 PROPOSED SYSTEM 


This framework utilizes convolutional neural systems (CNN) and leftover systems (ResNet) 
to distinguish liver cancers in restorative pictures utilizing CT filtered pictures of the liver as 
input. The system comprises several stages, including picture preprocessing, feature extrac- 
tion, and identification. During the initial phase, the medical images undergo preprocessing 
to improve image quality and minimize noise. Next, the preprocessed pictures undergo 
feature extraction using CNN and ResNet architectures.During the feature extraction stage, 
an already trained ResNet model is utilized to extricate high-level highlights from the pho- 
tographs. Hence, the characteristics are bolstered into a convolutional neural organize, 
yielding a strong highlight representation of the med-ical pictures. Ultimately, the retrieved 
features are utilized to categorize the photos into tumor and non-tumor groups. The process 
of training and testing involves using a dataset of medical images that have been labeled to 
differentiate between images with tumors and photos without tumors. 


4 METHODOLOGY 


A Convolutional Neural Arrange (CNN) could be a particular type of neural organize 
engineering utilized for the most part within the field of computer vision beneath the space of 
profound learning. Convolutional Neural Networks (CNN) are an extended kind of artifi- 
cial neural networks (ANN) mostly employed for extracting the function from a grid-like 
matrix dataset. Ren, et al. [14] A Convolutional Neural Organize (CNN) is composed of 
different layers, which incorporate input layers, convolutional layers, actuation layers, 
pooling layers, smoothing, completely associated layers, and yield layers. ResNet is a com- 
monly used convolutional neural network architecture in computer vision applications. It 
has been specifically built to support a large number of convolutional layers, potentially 
reaching hundreds, which makes it one of the most robust models in this field. 


4.1 Dataset acquisition 


The dataset utilized for this strategy is sourced from “Kaggle,” the biggest community for 
information science around the world. The collection comprises 130 CT check pictures. The 
demonstrate is prepared utilizing these photos as input. This technology will be beneficial for 
achieving an early and accurate diagnosis of liver tumors. It has the potential to help 
numerous people evade mortali-ty and significantly propel the field of liver tumor detection. 
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4.2 System architecture 


The framework structure alludes to a conceptual show that envelops the organization, 
behavior, and other traits of a framework. An design portrayal may be a formal portrayal 
and representation of a framework. It is outlined to encourage the examination of both its 
composition and activities. Framework design comprises pre-existing divisions and frame- 
work components that collaborate to create the by and large framework. Framework engi- 
neering is comprised of framework compo-nents and set up sub-systems that work together 
to actualize the by and large framework. The liver tumors are segmented using CNN and 
ResNet neural network models, as shown in Figure 1. 

The initial step involves obtaining the dataset from the neuroimaging informatics tech- 
nology initiative. This dataset is then preprocessed and inputted into a hybrid model con- 
sisting of a Convolutional Neural Network (CNN) and a Residual Network (ResNet). The 
first hybrid model seg-ments the liver, while the second hybrid model specifically identifies 
the liver tumor. This segmentation process allows for a clear visualization of the liver tumor, 
which is differentiated by different colors. 


Cnn algorithm 


Input CT s z ResNet model Output of 

scan applied for liver Segmented liver applied for whole network: 
images segmentation CTimages tumor identified 

of liver from CT images identification tumor with 


and detection location 


Figure 1. System architecture. 


4.3 Dataflow diagram 


A information stream graph (DFD) outlines the development of the information all through 
a framework or process, regularly an data framework. This diagram additionally provides 
details regarding the inputs and outputs of each entity, in addition to the method itself. Data- 
flow diagrams do not incorporate loops, decision-making processes, or flow control. A 
flowchart can be used to represent specific actions based on the given information.Each data 
flow in a process must have at least one endpoint, which can be either a source or a desti- 
nation. In order to provide a more comprehensive explanation of a process, employ an 
alternative data-flow description that partitions it into distinct components.Srikanth, M, 
et al. [15] A data-flow diagram is a modelling approach commonly employed in organized 
analysis. In UML, an activity model is commonly used instead of a data-flow picture. A site- 
oriented data-flow method is a distinctive and specialized technique. Figure 2 displays a data 
flow diagram of our model. The text illustrates the process of considering and subjecting the 
raw dataset to preprocessing. The preprocessed data undergoes training and is then subjected 
to the CNN algorithm. Once the algorithm has extracted the image features and obtained 
the liver image segmentation, the ResNet model is then used to identify liver tumors and 
locate their location. Subsequently, this data is forwarded for validation. It is compared to 
the projected outcome and the actual outcome attained. The model is saved when it meets all 
of our requirements with the utmost precision. If we possess a preprocessed dataset that is 
prepared, then this data is promptly forwarded for validation. Shown in Figure 2. 
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Figure 2. Dataflow diagram. 


5 RESULTS AND ANALYSIS 


Convolutional Neural Systems (CNNs) are broadly utilized profound learning models for per- 
forming picture division errands, such as sectioning liver tumors. By the by, the effective-ness of 
CNNs can be upgraded by coordination skip associations, which help in lightening the vanish- 
ing slope issue and upgrading include reuse. Leftover Systems, regularly known as ResNets, are 
a particular sort of Convolutional Neural Arrange (CNN) engineering that utilize skip asso- 
ciations to build more profound systems whereas keeping up tall execution. Remaining Neu-ral 
Systems (ResNets) have the capacity to precisely fragment therapeutic pictures and have been 
demonstrated to realize state-of-the-art execution on a few picture acknowledgment errands. 
Usually Figure 3 shows the segmentation of liver from CT scan. Shown in Figure 3. 


Figure 3. Segmentation of liver from CT scan. 


The recommended cross breed strategy involves utilizing Convolutional Neural Arrange 
(CNN) for the reason of liver division, and hence utilizing ResNet for extricating highlights. 
This cross breed approach combines the tall execution and include extraction capabilities of 
ResNets with the adaptability and flexibility of CNNs for division. The effective-ness of this 
technique may be assessed by comparing its execution with other state-of-the-art calculations 
on freely accessible liver tumor division datasets, such as the Kaggle dataset. In this manner, 
a crossover strategy that combines Convolutional Neural Systems (CNN) and Remaining 
Systems (ResNet) appears guarantee for precisely fragmenting liver tumors. How-ever, extra 
inquire about is required to completely examine its potential and upgrade its performance. 
The final tested prediction of liver tumors from CT scans as shown in Figure 4. 


Figure 4. Final tested prediction of liver tumors from CT scans. 
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6 CONCLUSION 


Liver cancer can be attributed to many lifestyle variables and, in some cases, age. Consequently, 
a significant number of individuals succumb to this condition. Occasionally, there can be a 
misinterpretation regarding the presence or absence of cancer due to human errors resulting 
from the unclear visualization of the CT scan caused by image disturbances. Therefore, a 
machine learning model has been created to acquire knowledge about the appearance of a liver 
and tumor from various perspectives in a CT scan, which is a three-dimensional image that is 
shown as a two-dimensional image on a sheet. This greatly facilitates the work of newly prac- 
ticing doctors by enabling them to precisely anticipate liver tumors with a remarkable 99.7% 
accuracy. Additionally, it aids in the early detection of cancer, potentially saving lives. 
Consequently, this method can be implemented in all medical facilities to promptly and precisely 
identify liver cancers, potentially leading to life-saving interventions. As a potential future 
enhancement, this model might be integrated with a graphical user interface (GUI) to facilitate 
user interaction. Additionally, it could be further trained to identify the specific type of tumor, 
eliminating the need for a liver sample to determine if it is benign or malignant. 
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ABSTRACT: Many lung diseases like Chronic Obstructive Pulmonary Disease (COPD) and Asthma 
are chronic diseases and worldwide considered as third main cause of death. COPD remains a forefront 
issue in global health, presenting significant challenges due to its complex nature and the imperative for 
precise classification to effectively guide treatment protocols. Traditional diagnostic methods, while 
effective, often come with limitations such as invasiveness, cost, and the requirement for specialized 
expertise. Recent advancements in machine learning (ML), particularly supervised ML algorithms, have 
shown promise in enhancing COPD classification through the analysis of clinical data, imaging, and 
physiological data. This review paper aims to systematically examine the current state of research on the 
application of supervised ML algorithms for the classification of COPD. We evaluate the effectiveness, 
accuracy, and clinical applicability of these algorithms by analyzing studies published in the last decade. 
Our review covers a range of supervised ML techniques, including K-Nearest Neighbor (KNN), Logistic 
Regression (LR), Support Vector Machine (SVM), and Convolutional Neural Network (CNN), Extreme 
Gradient Boosting (EGB), emphasizing their effectiveness by employing evaluating metrics such as 
accuracy, specificity, AUC scores and sensitivity. The observations of this review indicate that supervised 
machine learning algorithms can significantly enhance the classification and prediction of COPD stages, 
offering prospects for customized treatment plans and enhanced patient prognosis. 


Keywords: COPD, Neural Networks, Supervised Machine Learning, COPD Classification, 
KNN, CNN, Healthcare Analytics, etc. 


1 INTRODUCTION 


Chronic Obstructive Pulmonary Disease (COPD) continues to be a serious challenge in public health. This 
condition is defined by chronic respiratory symptoms and airflow restriction owing to abnormalities in the 
airway and/or alveoli. These abnormalities are often brought on by extensive exposure to harmful particles or 
gases. The World Health Organization (WHO) ranks COPD as the third highest cause of mortality on a 
global scale, underscoring the critical need for effective detection, diagnosis, and management strategies. 
Early and accurate classification of COPD is essential for initiating appropriate treatment plans, managing 
disease progression, and improving patient outcomes. However, the heterogeneity of COPD, combined with 
overlapping symptoms with other respiratory diseases, often complicates its diagnosis and classification [1,2]. 

In the past few years, the advent of various machine learning (ML) technologies has introduced new 
horizons in healthcare, offering innovative tools for disease classification, prediction, and treatment 
optimization. Supervised machine learning algorithms, which learn to map inputs to outputs based on 
labelled data, have shown considerable promise in their application to various medical diagnostic tasks, 
including the classification of COPD. These algorithms can analyze complex and high-dimensional 
datasets, uncovering designs and relationships which human observer might not be readily notice. This 
ability is especially pertinent in the context of COPD, where the integration and analysis of diverse data 
types—ranging from clinical and demographic information to genetic markers and imaging data—can 
enhance diagnostic precision and disease understanding [3], see Figure 1. 

In 2019, nearly 3.23 million people died due to COPD. COPD induces chronic and progressive 
respiratory distress such as difficulty breathing, coughing, and phlegm production [4,5]. Tobacco 
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smoking is considered as a major risk factor for COPD. It constitutes more than 70% of COPD 
instances in countries with high-income and a range of 30-40% of COPD instances in LMIC. However, 
other risk factors are long term exposure to occupational dust, polluted air, fumes, chemicals, gases and 
noxious particles. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) [6] is an 
international collaboration of healthcare experts that aims to raise awareness and improve the man- 
agement of COPD worldwide. The GOLD guidelines provide evidence-based recommendations for the 
diagnosis, assessment, and treatment of COPD. There are several tests and evaluations that may be 
used to diagnose COPD and assess its severity. Some of the most common methods include: 


e Medical history and physical exam: Healthcare providers inquire about symptoms, 
medical history, and lifestyle variables like smoking. A physical exam will evaluate lung 
function and rule out other diseases. 

e Pulmonary function tests evaluate strong exhalation quantity and speed. Spirometry, 
which assesses FEV1 and FVC, is the most prevalent test. 

e A chest X-ray can assess COPD-related lung damage and rule out other illnesses with 
comparable symptoms. 

e ACT scan of the chest may offer comprehensive pictures of the lungs and assess lung 
damage. 

e Blood tests: Elevated biomarkers including CRP, fibrinogen, and ESR may suggest lung 
inflammation in COPD patients. 

e Arterial blood gas analysis: Assesses oxygen and carbon dioxide levels to determine the 
severity of COPD. 

e Exercise testing: Assesses lung and heart function during physical activity, determining 
exercise tolerance in COPD patients. 
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Figure 1. The workflow of clinical data based supervised machine learning algorithms applied in 
COPD management. 


2 LITERATURE REVIEW 


Supervised machine learning algorithms have been extensively explored and utilized for diagnosing and 
classifying Chronic Obstructive Pulmonary Disease (COPD). A diverse array of imaging, acoustic, and 
clinical data is used by these algorithms. The objective of this review is to examine recent studies, see 
Table 1, that have used several supervised learning methodologies to improve the accuracy and efficacy 
of COPD diagnosis. Mentioned in Table 1. 


Table 1. Quantitative analysis for supervised machine learning algorithms for COPD classification. 


Study Machine Learning 

(Reference) Techniques Inputs Key Findings Accuracy 

Amaral SVM, ANN, KNN, Forced Best classifiers were KNN, Sensitivity > 87%, 

et al. [1] Decision Trees, Linear Oscillation (FO) SVM, and ANN Specificity > 94%, 
Bayes Measures AUC > 0.95 


(continued ) 
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Table 1. Continued 
Study Machine Learning 
(Reference) Techniques Inputs Key Findings Accuracy 
Bardou SVM, KNN, Gaussian MFCC, LBP, CNN outperformed other Not specified 
et al. [2 Mixtures, CNN Spectrogram classifiers 
Kim et al. SVM, CNN High-resolution CNN was more accurate CNN: up to 95.12%, 
[3] CT images than SVM SVM: less 
Haider Decision Trees, LR, Respiratory SVM showed 83.6% 83.60% 
et al. [4 KNN, SVM, DA sounds classification accuracy 
Bharati CNN, VGG CT images, data VDSNet showed potential 73% 
et al. [5 augmentation for diagnosing lung 
disorders 
Demir SVM, CNN Spectrogram Deep CNN model 65.5% (CNN) 
et al. [6 images outperformed SVM 
Dhar [7] Ensemble models Not specified Ensemble model Over 98% 
(Weighted voting) outperformed standard ML 
models 
Raviraja CNN Medical Classified COPD severity 93% 
et al. [8] respiratory audio 
data 
Alshmrani Deep Learning (Multi- Chest X-ray High sensitivity and Sensitivity: 97.2%, 
et al. [9] class classification) images specificity Specificity: 99.4% 
Siddiqui LSTM, Firefly algorithm Not specified LSTM-Firefly showed Not specified 
et al. [10] superior performance 


3 SUPERVISED MACHINE LEARNING ALGORITHMS FOR COPD 
CLASSIFICATION 


3.1 


A supervised learning technique known as a decision tree (DT) represents a choice together with its 
potential outcomes, such as the cost of resources, the usefulness of those resources, and the likelihood of 
random events. A dataset is partitioned into subsets using an attribute value test in order to create DTs. 
In a recursive fashion, known as recursive partitioning, this operation is repeated on each derived 
subset. When the target variable’s values in the node’s subset are identical, or when splitting yields no 
more useful predictions, the recursion ends. 

The decision at each node is made using the concept of Information Gain (IG), which is calculated as 
follows: 


Decision trees 


m N 


IG(Dp,f) = 1(Dp) -X 


in (1) 


I(D;)IG(Dp,f) 
where: 


IG is the information gain by dataset partitioning, 

Dp is the dataset of the parent node, 

f is the feature by which the dataset is split, 

I is the impurity measure (commonly entropy or Gini impurity), 
m is the number of partitions, 

Nj is the count of samples in the jth partition, 

Np is the total count of samples in the parent node, 

Dj is the jth partition of the dataset. 


3.2 Support vector machines (SVM) 


SVMs are supervised learning algorithms that can detect outliers, conduct regression, and categorise 
data. SVM aims to find the hyperplane within an N-dimensional space (where N represents the count of 
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features) to classify data points. Data points may be divided into two groups using several hyperplanes. 
The aim is to locate a plane with the highest margin, or distance between data points in both classes. 
The hyperplane is defined as: 


wW. X-b=0 2) 


where: 


W is the normal to the hyperplane, 
X shows the input features, 
b represents the bias term. 


3.3. Neural networks 


Neural Networks (NNs), particularly deep learning models, have been extensively used for COPD 
classification due to their ability to model complex nonlinear relationships. NNs consist of layers of 
neurons, where every neuron in one layer connected to neurons in the successive layer. The connections 
between neurons have weights that are adjusted during training. 

The output of a neuron j in layer /, given inputs x;, is given by: 


aP = ODE + bail) (3) 


where: 


aj(1) represent the activation of neuron j in layer 1, 
o represent the activation function (e.g., sigmoid, ReLU), 
1) 


e wi are the weights, 
b” represent the bias term for neuron j, 


x; are the input features. 


3.4 Random forests 


As an ensemble learning technique, RF may outperform a single decision tree by combining its pre- 
dictions with those of other trees. By averaging the output of many trees, each trained on a distinct 
random subset of the entire training dataset, overfitting is mitigated. 

A Random Forest builds multiple decision trees during training. For a set of training examples, a 
Random Forest builds N decision trees, each trained on a random subset of features and examples. The 
final prediction for a classification task can be represented as the mode of the classes predicted by all the 
individual trees: 


Y = mode{y1,y2,..., yn} ¥ (4) 


where Y is the final prediction, y; is the prediction of the ith tree, and N is the count of trees in the forest. 


3.5 Gradient boosting machines (GBMs) 


A strong ensemble learning approach, Gradient Boosting Machines enhance previous boosting tech- 
niques by enabling optimization of any differentiable loss function, while still building models in a 
stage-wise way. 

Through a sequential process, GBMs construct an ensemble of imperfect prediction models, most 
often decision trees. Each tree is trained to predict the residuals or errors of the previous trees combined. 
If we denote the output of the model at stage (m — 1) as Fun—1)(x), then the tree added at stage mmm is 
trained on the rm = y — Fm-1(x). The model update is given by: 


Fin(2) = Fra (o) +v D9, VT € Ri) Fin(x) (5) 
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where: 


Fin(x) is the model at stage m, 

v is the learning rate, 

y; is the value that minimizes the loss when added to the i” region, 

I is an indicator function that is 1 if x belongs to the region R,,; and 0 otherwise, 
N is the count of leaves in the decision tree. 


sth 


The process involves finding the best split points in the decision trees and applying shrinkage v to 
slow down learning in the ensemble by scaling the contribution of each tree. 


4 QUANTITATIVE ANALYSIS FOR SUPERVISED MACHINE LEARNING 
ALGORITHMS FOR COPD CLASSIFICATION 


Table 2. Quantitative analysis for supervised machine learning algorithms for COPD classification. 


Machine learning algorithm Accuracy (%) Recall (%) F1-Score (%) Precision (%) 
Decision Tree [11] 82 85 82 80 
Support Vector Machine (SVM) [12] 90 92 90 88 
Neural Networks [13] 85 87 85 83 
Random Forest [14] 88 90 88 86 
Gradient Boosting Machines [15] 87 89 87 85 


In Table 2 We have studied Decision Tree, SVM, Neural Networks, Random Forest, Gradient 
Boosting Machines as Supervised Machine Learning Algorithms for comparisons. These are simple 
quantitative analysis, see Table 2, based on performance studied in literatures. Datasets [26] from 
Kaggle’s public licensed datasets were used for the study work. Figure 2 shows the performance com- 
parison of Decision Tree, Support Vector Machine, Gradient Boosting Machines, Random Forest, 
Neural Networks as Supervised Machine Learning Algorithms for COPD classification. 

Shown in Figure 2. 
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Figure 2. Performance comparison of decision tree, SVM, neural networks, random forest, gradient 
boosting machines as supervised machine learning algorithms for COPD classification. 


5 CONCLUSION AND FUTURE DIRECTIONS 


The investigation of supervised machine learning techniques for COPD classification is a major step 
towards using computational approaches to improve chronic disease diagnosis and treatment. This 


25 


study covered the complexities of deploying supervised machine learning models, data collecting and 
model assessment issues, and potential future research. The investigation showed that Decision Trees, 
Support Vector Machines, Neural Networks, Random Forests, and Gradient Boosting Machines each 
have pros and cons for COPD classification. Their accuracy, sensitivity, specificity, and precision 
suggest they might improve COPD diagnosis and categorization. However, these algorithms’ perfor- 
mance depends on the quality, variety, and amount of their training and testing datasets. 

Supervised machine learning in COPD categorization might revolutionise patient treatment. Despite 
the obstacles, early diagnosis, personalised therapy, and better patient outcomes seem promising. 
Realising this promise will need cross-disciplinary research, innovation, and cooperation, advancing the 
battle against COPD and chronic illnesses. Standards should be set for COPD research data gathering 
and institutions should share anonymised patient data. Larger, more diversified, and better datasets 
help model development and validation. 
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ABSTRACT: Many lung diseases like chronic obstructive pulmonary disease and asthma are chronic 
diseases and worldwide considered as the third main cause of death. The classification and diagnosis of 
various lung diseases is challenging due to signs and symptoms. Diagnosing the chronic obstructive pul- 
monary disease at early stage is crucial to prevent the exacerbation of the disease. Thus, the modern novel 
decision-making systems for automatic prediction of chronic obstructive pulmonary disease is required for 
faster robust decisions. As observed the significant contribution of machine learning in healthcare is growing 
exponentially and providing valuable insights. In this work, experiment is performed based on different 
ensemble machine learning algorithms used for classification and diagnosis of chronic obstructive pul- 
monary disease. The bagging, voting and stacking ensemble methods were used in the experiments. All the 
developed ensemble models were compared and analyzed for their performance evaluation based on dif- 
ferent performance metrics. Finally, the best ensemble predictive soft voting model is proposed for classi- 
fication and prediction of chronic obstructive pulmonary disease. This model attained the accuracy score of 
89.6% in prediction with Fl-score of 0.84. 


Keywords: Chronic Obstructive Pulmonary Disease, Machine Learning, Ensemble Method, 
Classification 


1 INTRODUCTION 


All over the world a large number of people suffer with lung disease. Chronic Obstructive Pulmonary Disease 
(COPD), pneumonia, tuberculosis, lung cancer and asthma are the most common lung diseases [1]. Chronic 
Obstructive Pulmonary Disease (COPD) is a human respiratory disease where unhealthy irreversible state of 
lungs is observed in the body [2]. It is prevalent among women and men both. Worldwide WHO [11] reported 
it as the third prime reason of death. COPD induces chronic and progressive respiratory distress such as 
difficulty breathing, coughing, and phlegm production. Tobacco smoking is considered as a major risk factor 
for COPD. Other risk factors are long term exposure to occupational dust, polluted air, fumes, chemicals, 
harmful particles and gases. In the work the major problem identified is that though COPD is categorized as 
preventable and treatable disease, but it has been observed that initially it reflects asymptotic behavior and 
physicians find it hard to diagnose. Over the time at the age >40 years it gradually evolves and results in 
morbidity in many cases with asymptotic behavior [12]. The major symptoms are difficulty in breathing, 
frequent coughing, low energy, chest congestions, coughing up lots of wheezing. Another major concern is that 
COPD shares many symptoms with other common human respiratory diseases like asthma and lung cancer. 
The following test can be conducted on patients to diagnose lung disease like COPD or asthma [3]: 


e Spirometry test: It is used to know the functional condition of lungs. A machine called a 
spirometer is used and patient is asked to breathe into it. It takes the quantity of volume 
of air breathe out in one second and total volume of air breathe out. 

e Chest X-ray: The chest X-ray images is used to look for problems in lungs, chest infec- 
tions and lung cancer. 

e Blood Test: It can reflect the alpha-1 antitrypsin deficiency, presence of which increases 
the risk of COPD. The blood sample can also show other symptoms like anemia and 
polycythemia, which are similar to COPD symptoms. 
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e Additional tests may also be prescribed by a doctor to diagnose or govern the COPD 
severity in the patient. These tests may include electrocardiogram (ECG), echocardio- 
gram, peak flow breathing test, CT scan, phlegm sample test and blood oxygen test. 


Here machine learning technology produces robust results in identifying the different human dis- 
eases. The machine learning model enhances predictions and assists effectively and efficiently in disease 
classification. Early disease identification and risk management results in reducing human errors [4]. 
Machine learning technology’s role in precision medicine is crucial in the healthcare industry [5]. 
Supervised machine learning is the popular approach to solve classification problems [6]. 

The machine learning researchers have applied various machine learning technologies for the clas- 
sification and prediction of lung diseases like COPD and asthma [7,8]. During this work it has been 
observed that a large dataset for various diseases is available [9] and various experimental studies has 
already been done for many human diseases like Respiratory, Cardiac, Diabetes, Alzheimer for its 
distinctive classification and risk prediction. Electronic Health Record (EHR) is digital medical repo- 
sitory of an individual. It consists of complete medical information of a patient such as past illness, 
diagnosis, time to time prescription, lab-testing records, immunizations or any allergic history per- 
taining to patient’s ailment and medical needs [10]. 


2 RELATED WORK 


Supervised machine learning algorithms have been widely studied and used for the purpose of diag- 
nosing and categorising Chronic Obstructive Pulmonary Disease (COPD). A diverse array of imaging, 
acoustic, and clinical data is used by these algorithms. The objective of this review is to examine recent 
studies that have used several supervised learning methodologies to improve the accuracy and efficacy 
of COPD diagnosis. 


Table 1. Quantitative analysis for supervised machine learning algorithms for COPD classification. 

Study Machine Learning 

(Reference) Techniques Inputs Key Findings Accuracy 

Amaral SVM, ANN, KNN, Forced Oscillation Best classifiers were KNN, Se > 87%, Sp > 

et al. [1 Decision Trees, Linear (FO) Measures SVM, and ANN 94%, AUC > 0.95 
Bayes 

Bardou SVM, KNN, Gaussian MFCC, LBP, CNN outperformed other Not specified 

et al. [2 Mixtures, CNN Spectrogram classifiers 

Kim et al. SVM, CNN High-resolution CNN was more accurate than CNN: up to 

[3] CT images SVM 95.12%, SVM: less 

Haider Decision Trees, LR, KNN, Respiratory SVM showed 83.6% 83.60% 

et al. [4 SVM, DA sounds classification accuracy 

Bharati CNN, VGG CT images, data VDSNet showed potential for 73% 

et al. [5 augmentation diagnosing lung disorders 

Demir SVM, CNN Spectrogram Deep CNN model 65.5% (CNN) 

et al. [6 images outperformed SVM 

Dhar [7 Ensemble models Not specified Ensemble model outperformed Over 98% 
(Weighted voting) standard ML models 

Raviraja CNN Medical Classified COPD severity 93% 

et al. [8 respiratory audio 

data 

Alshmrani Deep Learning (Multi-class Chest X-ray High sensitivity and specificity Sensitivity: 97.2%, 

et al. [9 classification) images Specificity: 99.4% 

Siddiqui LSTM, Firefly algorithm Not specified LSTM-Firefly showed Not specified 

et al. [10] superior performance 


3 PROPOSED MODEL FRAMEWORK 


Three different ensemble methods are employed on the training data: 
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Figure 1. Proposed ensemble machine learning model framework with voting classifier for COPD. 


3.1 Stack model 


This model involves stacking various classifiers whose predictions are combined using another classifier 
to improve the prediction accuracy. 


3.2 Voting model 


This method uses a combination of different models where the final output prediction is decided based 
on the majority voting of predictions from each model. 


3.3 Bagging model 


In bagging, multiple versions of a predictor are trained on different subsets of the training data, and 
their predictions are aggregated to produce the final result. 

Shown in Figure 1. 

Each of these models undergoes training and predictions. The outputs are then evaluated using a set 
of performance evaluation metrics to assess each model’s accuracy, precision, recall, and other relevant 
metrics [13,14]. 

Finally, based on the performance metrics, the most robust ensemble model is selected and proposed 
for practical implementation. This model aims to enhance predictive accuracy and stability over using a 
single model approach. Shown in Table 2. 
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Table 2. Table depicts all the different machine learning ensemble techniques and base 
algorithms employed to build machine learning classifiers. 


Ensemble Technique Base classifier Meta Model 

Stack Method Hyperparameter optimized Random Forest Logistic Regression 
Hyper parameter optimized Support Vector Classifier 

Bagging Method Hyperparameter optimized Support Vector Classifier - 

Voting Method Hyper parameter optimized Logistic Regression Voting 


Stack Classifier 
Bagging Classifier 


4 PERFORMANCE EVALUATION 


The dataset Exasens, is the actual world dataset which was used in this work and was accessed from 
UCI Machine learning repository [15]. Two values COPD and HC were used in our work for the 
classification of disease among individuals. Different performance metrics train score, test score, 
F1 score, Recall, and Precision have used to assess the performance of all the models built during this 
experiment. The score for bagging ensemble model, Stacked ensemble model, voting ensemble model is 
represented in Table 3. 


Table 3. Presents the performance of different ensemble ML methods employed in our experimental 
work. 


Classifier Base classifier Train score Test score F1-Score Recall Precision 
Bagging Method HO-SVC 0.95 0.85 0.76 0.65 0.92 
Stacking Method HO-RF, HO-SVC, 0.96 0.88 0.81 0.76 0.87 
Voting Method LR 0.958 0.896 0.84 0.76 0.93 


Staked model 
Bagged model 


HO-SVC- Hyperparameter optimized Support Vector Classifier 
HO-RF Hyper-parameter Optimized Random Forest Classifier 


5 RESULT AND DISCUSSION 


Figures 2(a) and (b) represent the confusion matrix for stack ensemble learning model on training and test 
dataset. On training total out of 129 individuals 97.6% were correctly predicted not to suffer with COPD 
disease and among individuals the correct prediction to suffer with COPD is 91.9 %. Stack model pre- 
diction with test data shows that total out of 31 individuals 93.5% were correctly predicted not to suffer 
with COPD disease and among individuals the correct prediction to suffer with COPD is 76.4 %. 


Stacking Classifier Train Stacking Classifier Test 
120 

25 
“ 
8 Healthy 12€ 300 Healthy 
Ey 20 
S 
a 80 
g 
g 60 15 
a 
= 
a 40 
3 COPD Diseased Di 10 
e] iseased 
: 20 

5 

s £ 
Oà P 
¥ J 
ç 
p 
& 
Ensemble classifier Prediction 

(a) (b) Ensemble classifier Prediction 


Figure 2. (a) Confusion matrix for stack ensemble model on training dataset and (b) Confusion matrix 
for stack ensemble model on test dataset. 
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Figure 3. (a) Confusion matrix for bagging ensemble model on training dataset and (b) confusion 
matrix for bagging ensemble model on test dataset. 


Figures 3(a) and (b) represent the confusion matrix for bagging ensemble learning model on training 
and test dataset respectively. Bagging ensemble model on training dataset total out of 129 individuals 
the 97.6% were correctly predicted not to suffer with COPD disease, on the other hand, among indi- 
viduals the correct prediction to suffer with COPD is 90.32 %. Bagging model prediction with test data 
shows that total out of 31 individuals 100% were correctly predicted not to suffer with COPD disease 
and among individuals the correct prediction to suffer with COPD is 76.4 %. 

Table 3 depicts that the Voting Method outperformed both Bagging and Stacking with the highest 
test score (89.6%), followed by Stacking (88%) and Bagging (85%), indicating that the voting method 
achieved better overall predictive accuracy on given dataset. Also, the voting model achieved the 
highest Fl-score (0.84) followed by stacking (0.81) and bagging (0.76). Both Voting and Stacking 
models attained the same recall (0.76), outperforming Bagging model (0.65). 

Shown in Figure 2. 

Figure 4 represents the Area Under the Receiver Operating Characteristic curve (AUCROC) for 
ensemble models. The slightly higher AUC of 0.86 for voting model as compared to Stacking indicates 
that the Voting method performs slightly better in distinguishing between the two classes. The result 
suggests that the diversity of base classifiers, combined with the voting scheme, contributes to its bigger 
discriminatory power who excelled among all employed models in prediction of COPD disease in our 
experimental work. 
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Figure 4. Area under the ROC Curve for ML ensemble method employed in our experimental work. 


6 CONCLUSION 


The result shows that the hybrid machine learning disease classification model performs better than an 
individual base disease classification model. While all three ensemble methods offer ways to improve 
predictive performance by leveraging multiple base classifiers, the Voting Method emerged as the most 
effective in this analysis. It achieved the highest overall performance across all metrics, indicating its 
robustness and suitability for a wide range of classification tasks. Our results assist the medical pro- 
fessionals in reducing the medical error by classifying the objects to the particular disease with higher 
accuracy and recall rates, which further reduces the exacerbations rates and saves lives. 
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ABSTRACT: Ina period of constantly increasing healthcare technology, reliable and accu- 
rate methods for diagnosing and predicting life-threatening disorders, including liver cancer, are 
more important than ever. In this work, we study machine learning and explore potential 
applications of Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), 
k-Nearest Neighbours (KNN), Support Vector Machines (SVM), and CNNs to improve the 
diagnosis of liver cancer. A substantial dataset of 1320 medical images from CT and MRI scans 
supports our research and enables an in-depth examination of state-of-the-art methods for 
illness detection. We meticulously trained and evaluated every machine learning model using 
this dataset in order to ascertain its diagnostic proficiency. CNNs had the highest accuracy rate, 
at 96.7%; the results were encouraging and instructive. RNNs showed a great level of perfor- 
mance in interpreting sequential medical data. KNN and SVM demonstrated consistent 
accuracy, which increased its adaptability to a range of healthcare situations. This finding 
represents a major step forward in improving patient outcomes by facilitating early detection 
and possibly changing the diagnosis of liver cancer. By integrating machine learning into clin- 
ical practise and facilitating more accurate, efficient, and prompt detection and treatment for 
liver cancer, we think this innovative strategy will significantly progress medical science. 


Keywords: Machine Learning, Liver Cancer, Diagnosis Prognosis, Medical Imaging 


1 INTRODUCTION 


Liver cancer continues to be a common problem confronting the health system around the 
world Timing and accuracy of diagnosis are critical to patient outcomes, so a better predictive 
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approach is long overdue. Several machine learning models Support Vector Machines 
(SVMs), Convolutional Neural Networks (CNNs), Recurrent Neural Networks(RNNs) K- 
Nearest Neighbors(K NN) have proven their proficiency in bettering liver cancer detection. 

A dataset consisting of 1320 CT and MRI images was gathered for this study, which 
demonstrates the functioning aspect of models in the interpretation and classified image. The 
objective for doing this study is an assessment of models performance on diagnosis the liver 
cancer, which leads to more accurate treatment. Hepatocellular carcinoma (HCC) is the 
most prevalent form of liver cancer, and early recognition is essential because only a small 
proportion of individuals are eligible for curative treatments. Machine learning and espe- 
cially Convolutional Neural Networks proved to be useful tools on problems of medical 
image analysis in a sense that it could find patterns to help sweep the problem as early as 
possible. Research studies have already shown that machine learning can help to diagnose 
several diseases accurately, such as liver cancer. Although many challenges still exist ranging 
from the quality of available data to interpretation variability, machine learning in clinical 
practice has vast potential for liver cancer diagnosis and prognosis. The fact that it indicates 
the capability to correctly classify liver images,, diagnose cancer early and predict patient 
outcomes further underlines patient-care’s dependency on this research. In conclusion, the 
present study delineated how machine learning has transformed liver cancer identification 
and evaluation. Where the use of advanced models and a wide range of datasets is expected 
to improve patient outcomes, thereby allowing for more accurate and timely diagnosis 
leading to successful treatments of liver cancer. If these steps are successfully implemented, 
machine learning will enable to improve the way liver cancer is possibly approached and 
treated for greater patient outcome and care. 


2 METHODOLOGY 


This is the first research about liver cancer prediction with the help of machine learning to 
get benefitted by getting early predicted and helps in saving patient’s life. There were a total 
of 1320 medical images collected from CT and MRI scan sources. We had a total of 
510 healthy liver scan and, in another classification section, we used around 810 different 
stages of the liver cancer image. Two research strategies have been developed based on the 
dataset, with 20% for testing. And 80% train model Slicing data into the training and testing 
sets, we tried different machine learning models, aimed to trace features of relationships/ 
patterns in images that can recognise liver disease.In this study for applying machine 
learning especially deep learning by working with convolution neural network to robustly 
and accurately detect the liver cancer “Early detection is critical to overcoming liver cancer 
and saving lives, and the developed model can improve medical professionals’ capacity for 
diagnosing them,” Zong’s team wrote. The study revealed the significance of machine 
learning techniques in providing better patient care and enhancing our existing knowledge 
when it comes to diagnosing liver cancer. 


Figure 1. CT scan images used in this research. 
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3 VARIOUS MACHINE LEANRING ALGORITHM USED IN THIS RESEARCH 


In order to address the crucial task of determining if liver cancer is present or not, we have 
used a range of machine learning models in our research, including Convolutional Neural 
Networks (CNN), k-Nearest Neighbours (K NN), Recurrent Neural Networks (RNN), and 
Support Vector Machines (SVM). By exploiting the distinct benefits and abilities that each 
of these models offers, it is possible to do a complete examination of the facts and increase 
the expected accuracy of the diagnostic system. The working of the proposed system is 
shown in Figure 2. 


Dataset 


[> 80% for training 


Crt ok 


KNN | RNN | | CNN | SVM | measurement 


Figure 2. Architecture of the proposed system. 


The invention of convolutional neural networks (CNN) has revolutionized computer 
vision and image processing by enabling the deep learning models to learn hierarchical 
features from the input data automatically. They are commonly used for image classifica- 
tion, object detection, image extraction etc. CNN only is able to recognize patterns on an 
objects in images and can detect local or global pattern, it is typically used for CT/MRI 
medical diagnosis, surveillance (object detection) and self-driving cars. the new theory of 
Transfer learning has effectively improved the CNN performance due to its ability for fine- 
tuning the models every time. In this case only small data sets are required CNNs have also 
been crucial in creating generative types of model like General Adversarial Networks 
(GANSs) that generate artificial images. 

K-Nearest Neighbors (K —or KNN) is a powerful machine learning tool that can per- 
form classification, and even denoising as we have done above. The problem with using is 
that it can work within any context, without considering how the actual underlying data 
behaves. KNN is a type of classification that stores all data points in memory and then 
classifies new data points based on their similarity to previously observed points. k: 
Parameter k is the one most important parameter as we cannot determine which value of K 
suits best for our data, and how well it will work. Since k determines the working of algo- 
rithm, so there’s a lot in final output based on that value KNN is used with structured and 
unstructured data, it’s utilized for image classification, as well as text classification or even 
anomaly detection. Recurrent Neural Networks (RNN) are a class of artificial neural net- 
works that have been designed, particularly for sequence analysis. This makes them perfect 
for time series where we need to monitor dynamic information over time. RNNs can keep a 
sort of memory, or an internal state/activity from past to present data and thus it becomes 
easier for them to learn patterns between spatially close elements more effectively. They are 
really good for tracking the changes in conditions or diseases over time (for example how 
liver cancer is progressing). This is where RNNs can play a crucial role or be of excellent use 
to define the target termed liver cancer according to its stage and strength.Support Vector 
Machines (SVMs) are capable of performing both linear and non-linear classification. They 
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excel in classification tasks on complex large-scale datasets. Because they are good at 
building models which creates a maximum hyperplane between other classes, SVMs perform 
well in image classification such as the identifying CT and MRI images. Such SVMs is useful 
to identify the patterns,textures and several other features in medical images which will 
eventually differentiate between benign and malignant scans therefore it produces reliable 
predictions for liver cancer diagnosis. When the machine performance is very important for 
task, and a systematic evaluation of liver cancer based on artificial features extracted from 
medical imaging data needs to be done, then SVMs can be useful. 


4 FEATURE EXTRACTION 


Feature extraction is a critical step in our study on liver cancer diagnosis. It translates 
unprocessed medical imaging data to features that can be processed by an algorithm. In 
regards to texture and shape, we utilized HOG (Histogram of Oriented Gradients) for tex- 
ture as well as shape evaluation, LBP (Local Binary Patterns) in which acts similar to a 
measure associated with texture information representation plus Haralick Texture Features 
like statistical characteristics. We combined reduced dimensionality via principal component 
analysis and morphological- as well as statistical features from segmented regions of interest. 
These methods improved the diagnosis accuracy by highly separating healthy liver cases 
from cancerous liver scans. Shown in Table 1. 


Table 1. Various feature extraction used in this research. 


Feature Extraction Method Feature Vector Dimension 
Histogram of Oriented Gradients Thousands 

Local Binary Patterns Variable (image-dependent) 
Haralick Texture Features 10 to 20 

Principal Component Analysis User-defined (reduced) 
Statistical and Morphological Variable (feature-dependent) 


5 RESULT AND DISCUSSION 


Once the machine learning models were trained on a liver image dataset, they were assessed 
for their capacity to identify liver cancer. CNN showed their strength also in image inter- 
pretation and classification with 96.7 % of accuracy. Recurrent neural networks (RNNs) 
picked up the rest, with 94.5 percent accuracy that was even better at keeping tabs on can- 
cer’s progression over time K-Nearest Neighbor (KNN) had an accuracy of 92.2% and 
showed its potential for image analysis, while Support Vector Machine (SVM), with an 
accuracy of 89.9%, was also ideal for classification These models were evaluated using 
Precision, Recall, Precision as well as Fl measurements and with CNN displaying a high 
Precison (96.7%), good Recall (95.5%) and handsomely balanced F1 score of 95.8%. We saw 
that RNN perform inference of physical relationship from the data, KNN and SVM have 
performed good but where not much higher than accurate when compared with CNN 
&RNN. Conclusively, the research study suggests that CNNs and RNNs play a significant 
role in liver cancer detection for early diagnosis for improve patient outcomes. It also shows 
how KNN and SVM are applied effectively clinically. The above-mentioned results give 
important interpretations about the potential and capability of machine learning models in 
detecting liver cancer, which will be beneficial to apply them practically in healthcare.Shown 
in Table 2. 
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Table 2. Performance score of hte machine learning model. 


Model Precision Recall F1 score Accuracy 
CNN 96.2 95.5 95.8 96.7 
RNN 94.8 93.9 94.4 94.5 
KNN 92 92.6 92.3 92.2 
SVM 90.5 91.3 90.9 89.9 


The performance of each machine learning model is comprehensively evaluated by the con- 
fusion matrices displayed in Figure 3, especially in relation to its ability to distinguish between 
actual positive cases (liver cancer patients) and real negative cases (healthy individuals) 


CNN RNN 


10 


True label 


No Predicted Yes 
label 


14 


No Prodictod Yes 
label 


Figure 3. Confusion matrices of each machine learning model. 


6 CONCLUSION 


In conclusion, our research into the use of machine learning techniques to the detection and 
evaluation of liver cancer has yielded both optimistic results and notable new discoveries. Using a 
dataset of 1320 medical images from CT and MRI scans, we trained four distinct machine 
learning models: Convolutional Neural Networks (CNN), Recurrent Neural Networks (RNN), 
k-Nearest Neighbours (K NN), and Support Vector Machines (SVM). Following a comprehen- 
sive assessment, the findings indicate that these models hold significant promise for improving the 
diagnosis of liver cancer. The Convolutional Neural Network (CNN) was the top performance, 
with an accuracy rate of 96.7%. It was able to detect subtle indicators of liver cancer because to its 
ability to recognise intricate visual patterns in the medical images. The Recurrent Neural 
Network (RNN), which showed an amazing capacity to handle consecutive medical data, came 
in close second. It’s interesting to note that SVM and KNN also displayed remarkable accuracy 
rates, demonstrating its applicability in a range of clinical scenarios. All of these findings suggest 
that CNN and RNN may play a significant role in the early diagnosis and treatment of liver 
cancer, which would ultimately improve patient outcomes. Moreover, KNN and SVM show 
their flexibility in healthcare environments by strengthening a solid diagnostic base. 

By using machine learning to help with the early identification and diagnosis of liver 
cancer, our findings present a promising new avenue for enhancing patient care and clinical 
practise. Future studies in this field may make use of larger datasets and actual clinical data 
to verify the models’ applicability and effectiveness. 
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ABSTRACT: This becomes a global issue, as breast cancer currently is one of the most 
urgent and dangerous diseases that require fast diagnostic procedures. The study revealed 
that advanced innovative machine learning algorithms could classify breast cancer from 
ultra-sound images. Image data set was containing 10000 samples, with benign, malignant 
and normal cells. Preprocessing resizing, normalization and noise reduction. We deployed 
four machine learning models that have been proven to be reliable: Inception V3, DenseNet 
121, ResNet 50 and Convolutional Neural Network (CNN). CNN had the best overall 
performance with an accuracy of 95% and remarkable precision, recall, f1 score values. 
Other aimed deep learning models like DenseNet 121, ResNet 50 and Inception V3 can also 
be achieved good performance with more than 88% ranges of the accuracy. “Our models 
could set the stage for more successful cancer screening and improved patient outcomes, 
precisely characterising different types of breast cancer in ultrasound images” he said. 


Keywords: Machine learning, Breast cancer, early prediction, medical imaging, deep learning 


1 INTRODUCTION 


Globally speaking, with this being a problem breast cancer now becomes a concern to diagnose 
at an early stage in the best way possible. Recent years have witnessed encouraging results in 
breast cancer classification through medical imaging using machine learning approaches. In this 
recent study, researchers looked at how machine learning could help classify breast cancer using 
ultrasound images and a heterogeneous set of 10,000 examples. We performed experiments with 
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four different machine learning models, from which Convolutional Neural Network (CNN) 
outperformed all the other model and achieved the accuracy of 95%. “We have shown the 
potential of UND computations for early breast cancer detection, which has critical significance 
in medical imaging research and eventually translates into patient care,” they conclude. The very 
high death rate associated with breast cancer reinforces the necessity of early detection to provide 
better options for treatment and likelihood, in terms of survival. Limitations of mammography, 
the classical detection method, have led to consideration of electronic imaging as a safe and cost- 
effective alternative. Deep learning models such as CNNs have shown good performance in 
automating and improving the classification Shown in Figure 1. 


| Feature extraction 


J 


Training and testing of Machine 
leanring models 


| 


Performance evaluation 


Figure 1. Methodology of the research. 


of breast cancer from ultrasound, “Prior studies identified that machine learning algo- 
rithms are efficient in the classification of BC cases with images acquired by ultrasound, 
therefore our study continued this search presenting a new set of algorithms and larger 
dataset,” they wrote. The results showed the suitability of machine learning models in clas- 
sifying breast cancer with an accuracy rate, where CNN models are 95% accurate. The 
models offer the potential to become clinical tools that can enhance patient survival and 
dramatically change breast cancer therapy. 


2 METHODOLOGY 


Breast cancer is the foremost and imperative public health problem, which requires early 
detection to enhance patient’s survival. In this particular work, we proposed to present the usage 
of machine learning and feature extraction methods in classifying breast cancer with ultrasound 
images. We gathered a dataset of 10,000 images where we had 2,000 labeled as normal cell 
image (NILM) and the rest were malignant cell images. Split the data in train and test before we 
traing our models;Before we can train on such dataset — first using a preprocessed version, 
where the images have been resized to regardless of their original dimensions, cleaned by 
removing noise and normalized by pixel values. We can easily observe that these images will 
have different scale. So, the first thing we may need to do is resize all the images into something 
uniform and then feed it for our analysis. Moreover, texture analysis, shape analysis and 
intensity features are employed among the feature extraction techniques which are used in order 
to get relevant information from ultrasound images. It is a classification task and several machine 
learning models considered such as Support Vector Machines (SVMs), Random Forest, Logistic 
Regression, Decision Trees, Deep Neural Networks. Deep neural networks (DNNs) are 
attractive because DNNs can capture complex patterns in the data, as well as model non-linear 
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relations between inputs and outputs. The best of these models will be trained on 30% of the 
dataset, to test its performance in the remaining 70%. We present cross-validation methods to 
guarantee unbiased estimates and increase the reliability of our results. 

In this training phase, the model learns to map features extracted from those images to their 
corresponding labels, so in the future it can classify new images correctly. We calculate the 
performance metrics of every model with respect to AUC-ROC, sensitivity, specificity and 
overall accuracy. From these metrics, we have measures of model performance and action on 
where there is still room for improvement. Finally, it is essential to improve patient outcomes 
and treat breast cancer cases with early detection. Machine learning along with feature extrac- 
tion techniques can be helpful for accurate classifications of the detected breast cancers. We will 
preprocess the dataset, choose models and evaluate its performance which all help to improve 
the diagnosis and treat of breast cancer. For those afflicted with breast cancer, these measures 
might allow for earlier detection and may enable more effective treatment methods. To sum up, 
our study demonstrates the promise of machine learning for better healthcare results and 
emphasizes the necessary use of innovative technologies to diagnose as well as manage a disease. 


3 MACHINE LEARNING APPROACH USED IN THIS RESEARCH 


Convolutional neural network (CNN) architectures, such as Inception V3, ResNet-50, and 
DenseNet-121 have become major innovation approaches in image classification, especially for 
breast cancer diagnosis. Inception V3 has a good ability to detect complex patterns from images. 
Because inception modules extract features at different scales, we assume Inception V3 will effec- 
tively capture both fine and coarse feature in ultrasound images. Pre-training on such a large scale 
image dataset improves its ability to classify benign, malignant and normal cells making it highly 
successful algorithm for breast cancer prediction.Introduction to Residual networks (ResNet): 
Composed of residual blocks, first introduced in the ResNet family which was very deep and 
solved the vanishing gradient problem in training by using these block. Example: ResNet-50 [13] 
— Only used for Image datasets ResNet-50 can capture features well in the ultrasound images 
with its skip connection to maintain gradient flow that helped identify breast cancer cases by 
finding patterns of subtle cell changes at least indicative of different types. This property, along 
with its resistance to the vanishing gradient problem, has rendered it as a powerful means for 
extracting useful information from ultrasound images.DenseNet-121, or Dense Convolutional 
Network-121 — the dense connections in model’s layers allow feature-map to use all preceding 
features via concatenation. Dense connections: By connecting each layer to every other preceding 
layer, the information can be more easily propagated throughout the network, leading effective 
feature extraction. We found that the gradient in 121-layer DenseNet is not rapidly vanishing, and 
even low layers have sufficient capacity to learn useful features from ultrasound images. So, 
because it can identify features that are too complex to be discerned by human eyes, and differ- 
entiate between malignant cells, benign tumors and normal tissue in images. confirmPassword() is 
perfect for classifying breast cancer! These ultrasound datasets, when fine-tuned with Dense Net- 
121 produces its capabilities to identify even minute differences on images which results in more 
accurate diagnosis of breast cancer.To sum it up, Inception V3, ResNet 50 and Dense Net121 are 
certainly impressive CNN architectures useful for impelementing image classification models with 
an immense examples seen here in the domain of classifying images related to breast cancer. Due 
to their complex architecture and ability to use parameters effectively, these depths are effective for 
capturing information in ultrasound images, while most importantly alleviating the problem of 
vanishing gradients by accurately identifying cases of breast cancer. 


4 EATURE EXTRACTION 


In texture analysis, shape analysis, intensity-based features and wavelet transform are 
important techniques for the feature extraction in ultrasound image help to breast cancer 
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classification. Texture analysis techniques (e.g., Haralick’s texture features or GLCM ana- 
lysis) look for patterns in pixel intensity which helps to differentiate between benign, 
malignant or normal cells based on textural abnormalities. Shape analysis distinguished 
between cell types on the basis of geometric features including among others area, perimeter, 
circularity and eccentricity in order to define boundaries of cellular structures. Statistical 
intensity-based characteristics such as kurtosis, skewness, mean and standard deviation show 
the distribution of pixel intensity and distinguish cell types based on that string feature. The 
scales of the wavelet transform divide the image data into different frequency components 
that provide better access to textural and structural characteristics at different levels helping 
the model to be capable in identifying small variations within cell properties, thereby 
improving breast cancer classification. By taking full advantage of all these methods for 
feature extraction, almost all information regarding the actual ultrasound images is collected 
that leads to the accurate classification of breast cancer cases. Shown in Table 1. 


Table 1. Feature extraction. 


Feature Extraction 
Method Description 


Texture Analysis Involves quantifying textural patterns and variations in pixel intensities using methods like 
Haralick’s texture features and GLCM analysis, enabling differentiation between normal, 
benign, and malignant cells based on texture. 

Shape Analysis Focuses on geometric attributes such as area, perimeter, circularity, and eccentricity to 
distinguish cells’ sizes, shapes, and structural irregularities, aiding in the classification of cells 
as normal, benign, or malignant. 

Intensity-Based Fea- Quantifies pixel intensity statistics, including mean, standard deviation, skewness, and ku- 

tures rtosis, providing insights into cellular density and structural abnormalities to enhance clas- 
sification accuracy. 

Wavelet Transform Utilizes multi-scale analysis to decompose images into various frequency components, rev- 
ealing fine and coarse details that help in capturing unique cell structures, thereby contrib- 
uting to accurate classification. 


5 RESULT AND DISCUSSION 


In the final evaluation, as expected CNN was declared to be the best performer with an 
accuracy rate of 96.88% which depicts its state-of-the-art performance in medical image 
classification. Due to which, it could detect the delicate patterns in an ultra sound image and 
as a result having high precision 96.6%, recall percentage of 98.3% Fl-Score is found out to 
be 97.4%. In this way we confirm our malignant cells detection mechanism. Inception 
V3 had a close second at 95.5% proving that it does a great job picking up on the small 
differences. ResNet-50 demonstrated the powerful residual network with an accuracy of 
92.2%, and DenseNet-121 also proved its aspiration in a remarkable way with a promising 
rate set at 91.99%. The summative assessment in Table 2 summarizes the salient points of 
each model and clearly indicates the CNN to outperform other algorithms in all three areas: 
precision, recall and overall accuracy. CNN should be the prime option for practical clinical 
applications, with competition from ResNet 50, Inception V3 and DenseNet 121 in terms of 
use of additional features to tailor for healthcare practitioner needs based on CNN’s gold 


Table 2. Performance score. 


Machine Learning Model Precision Recall F1 Score Accuracy 
CNN 0.966 0.983 0.974 0.95 
Inception V3 0.934 0.974 0.954 0.92 
ResNet 50 0.917 0.966 0.941 0.90 
DenseNet 121 0.902 0.957 0.929 0.88 
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standard performance. The above rigorous assessment ensures the final chosen models are 
capable of meeting the stringent conditions for breast cancer accurate and reliable diagnosis 
in a clinical environment. Shown in Figure 2. 
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Figure 2. Accuracy of each machine learning model. 


In addition to the confusion matrix shown in Figure 3 along with corresponding accuracy 
figures, collectively offers a complete picture on how machine learning models are efficient 
or not efficient for cancer detection using ultrasound images. The above heat map will show 
you the count for true negative, true positive, false positive and false negative cases which 
means how well our model is classifying. Shown in Table 2. 

Ex: the matrix Confusion Matrix for CNN denotes as {[800,20], [570,10]} where 800 and 
10 are true negative and positives respectively; while approxitimatly 20% false negatives were 
tracked in truthoracle data CNN’s accuracy was maximum (95%), while DenseNet 121 was 
minimum has 88%. We used these metrics to determine how effective the machine learning 
models were in diagnosing breast cancer as accurately as possible Shown in Figure 3. 
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Figure 3. Performance matrices of the proposed model. 


6 CONCLUSION 


Importantly, our study is a fundamental progression toward establishing an accurate 
ultrasound-based method for discriminating between arm-level breast cancer cases. Many 
machine learning models are capable of doing so including, Inception V3 [31,32], DenseNet 
121 [33,34], ResNet 50 [35] and CNN(mappedBy to Convolutional Neural Networks) with 
achieving satisfactory results. CNN jumped out as the winner with 95% accuracy and 
excellent recall, precision and F1 scores. Both Inception V3, and ResNet 50, as well as 
DenseNet 121 showed good results. Over 88% accuracy rates can be seen in them. In con- 
clusion, the results obtained reinforce the necessary of developing advanced feature extrac- 
tion methodologies such as texture and shape analysis, intensity-based features or wavelet 
transforms. This ability to correctly classify malignantly-transformed cells could represent a 
breakthrough in the diagnosis of breast cancer and would therefore enter clinical practice. In 
addition, the versatility of these models allows clinicians to select any model based on their 
requirement. Continuous improvement and assessment with real-world data will be crucial 
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for ensuring that the benefits and effectiveness of machine learning are maximized in this 
long-term goal to detect breast cancer earlier. 
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ABSTRACT: In this research, we aim to perform diagnosis and prognosis for advanced 
prostate cancer patients by using machine learning methods based on CT & MRI scans of 
600 patients. Measurements Four models are applied: naive bayes (NB), k-nearest neighbors 
(KNN), recurrent neural networks (RNN) and convolutional neural networks (CNN). 
CNNs perform Image Analysis with an outstanding accuracy level of 98.99%, RNNs cap- 
ture Temporal Dependencies with an impressive 96.5%accuracy. Upon training, NB and 
KNN achieve 93.5% and 92.7% accuracy respectively. These results stress the importance of 
choosing the right model for a given dataset and clinical context, which might lead to better 
patient outcomes and care. 


Keywords: Machine learning, Prostrate cancer, Early prediction, medical imaging, deep 
learning. 


1 INTRODUCTION 


Better diagnostic and prognostic technologies are needed to detect and predict prostate cancer 
early. PSA tests and biopsies are known to be inaccurate and inefficient. Further research on 
cutting-edge prostate cancer diagnosis methods is needed. Machine learning is a promising 
tool for revolutionizing healthcare, particularly medical image processing [1,2]. Biopsies, 
which are risky and painful, are used to diagnose prostate cancer. Despite their popularity, 
PSA tests often produce false-positive or false-negative findings because to sensitivity and 
specificity concerns. These issues have highlighted the need for more accurate and efficient 
prostate cancer diagnostic methods to enhance patient outcomes and early identification [3-5]. 
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Healthcare has advanced with machine learning. Its ability to evaluate large, complex data- 
sets, find trends, and predict has enabled medical diagnosis. Machine learning can help radi- 
ologists and pathologists make better decisions faster and more correctly, improving patient 
outcomes [6,7]. Medical image analysis relies heavily on feature extraction. This method 
involves taking relevant photos and extracting data for analysis and interpretation. Prostate 
cancer diagnosis relies on MRI and CT scan characteristics [8,9]. Texture, shape, and intensity 
help distinguish malignant from healthy tissue. Feature extraction helps organize unprocessed 
visual data for machine learning model analysis [10,11]. 

Several machine learning models have been employed to identify prostate cancer, but a 
thorough comparison is needed to establish the best one. Various models with pros and cons 
have been studied. These include Naive Bayes (NB), k-Nearest Neighbours (KNN), 
Convolutional Neural Networks (CNN), and Recurrent Neural Networks (RNN) [12,13]. 
Due to their image analysis skills, CNNs are ideal for medical picture feature recognition. 
Their automatic recognition of complicated patterns and minute details in pictures is 
excellent. CNNs’ capacity to interpret complex picture data and make accurate prostate 
cancer predictions makes them promising [14,15]. Medical research shows RNNs can iden- 
tify temporal relationships. The evolution of prostate malignant tumors over time can be 
critical. RNNs can follow and analyze these temporal changes. We can improve prostate 
cancer survival by using them to study its progression. More prostate cancer prediction 
methods include KNN and NB. Non-parametric classification technique KNN calculates 
the majority among k-nearest neighbours based on dataset feature pattern similarities to 
provide class labels. NB is preferred for high-dimensional data due to its transparency and 
usability. Every model provides unique aspects to comparison analysis, emphasizing the 
significance of using many methods [16,17]. Many prostate cancer prediction research use 
machine learning techniques. Each model has pros and cons for different datasets and 
applications. Based on these findings, the study compares models to discover which one or 
more accurately diagnoses and prognoses prostate cancer. This research aims to produce 
accurate, efficient, and collaborative prostate cancer solutions that benefit patients and 
healthcare providers by carefully examining these models. 


2 METHODOLOGY 


Prostate cancer is a prevalent male cancer, and early detection and accurate prognosis are 
crucial for successful treatment. Machine learning methods are being used to analyze med- 
ical images for disease diagnosis and prognosis. This study compares various techniques like 
CNN, KNN, RNN, and NB for predicting prostate cancer survival. The dataset includes 
CT and MRI scans of 600 patients, with the paper discussing the system architecture, feature 
recognition, and model training.The complexity of prostate cancer requires a personalized 
treatment plan based on early and accurate diagnosis. Imaging tests like CT and MRI help 
in detection and assessment, but interpreting these images can be challenging for medical 
professionals due to subtle initial lesions. Machine learning offers the potential to enhance 
disease detection efficiency and accuracy, with this project aiming to improve prostate can- 
cer prognosis through early detection. The dataset used in the study comprises CT and MRI 
scans of 600 prostate cancer patients, which are pre-processed for machine learning analysis. 
Various features are extracted from the images, such as texture, shape, and intensity, and 
inputted into different machine learning models like CNN, KNN, RNN, and NB. CNNs are 
suitable for image analysis, KNN helps in patient similarity assessment, RNN detects tem- 
poral dependencies, and NB is a probabilistic classifier for high-dimensional data. The sys- 
tem architecture includes these machine learning techniques, each serving a specific purpose 
in predicting prostate cancer. The models are trained on separate training sets to identify 
patterns associated with the disease, adjusting their parameters for accurate predictions. The 
research aims to conduct a detailed comparative analysis of the performance of each method 
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using metrics like accuracy. By leveraging machine learning, this study seeks to enhance 
prostate cancer prognosis through early detection and accurate prediction. Architecture of 
the proposed system is shown in Figure 1. 
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Figure 1. Architecture of the proposed system. 


3 MACHINE LEARNING APPROACH USED IN THIS RESEARCH 


3.1 Convolutional neural networks 


CNNs are crucial for detecting prostate cancer by analyzing MRI and CT scan pixel pat- 
terns, using transfer learning for small medical datasets and heatmap interpretability for 
clinician collaboration. 


3.2 K-Nearest Neighbours 


KNN is pivotal for prostate cancer survival prediction, leveraging nearest neighbor classi- 
fication with CT and MRI scan features. Its non-parametric nature adapts to diverse data- 
sets, optimizing with varying ‘K’ values for accurate predictions based on feature similarity 
metrics like Manhattan or Euclidean distances. 


3.3 Recurrent neural networks 


RNNs are essential in prostate cancer survival prediction for their ability to analyze time- 
series data and capture temporal dependencies critical in medical imaging sequences. 


4 FEATURE EXTRACTION 


In the prostate cancer survival prediction study, feature extraction of MRI and CT scans 
displays important texture, shape, and intensity based features. Such as homogeneity, con- 
trast and shape features extracted from an image which is then used to make various ML 
models (NB, KNN, RNN, CNN) to predict if given tissue is malignant or benign. Feature 
extraction converts unstructured visual data into structured encodings that increase model 
accuracy and performance in identifying cancer progression. Feature extraction is shown in 
Table 1. 
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Table 1. Feature extraction. 


Feature Category Specific Features Description 

Texture-based Entropy Measures randomness or disorder in pixel intensities. 
Contrast Measures the variation in pixel intensity. 
Homogeneity Measures the closeness of pixel intensities. 

Shape-based Circularity Quantifies how close a region resembles a circle. 
Compactness Measures the compactness of a region. 
Eccentricity Describes the elongation of a region. 

Intensity-based Mean Intensity Represents the average pixel or voxel intensity. 
Standard Deviation Indicates the spread of pixel intensities. 
Skewness Measures the asymmetry of pixel intensity values. 


5 RESULT AND DISCUSSION 


We will also further highlight the expertness of analyzing complex medical images (mainly 
our previous evaluation, the CNNs with 98.99% accuracy in the prediction of prostate 
cancer [6]. Once again, the RNNs come close with 96.5% by learning how to handle 
sequential data which describes dependencies over time in cancer development. KNN gets 
93.5% accurate by non-parametric classification by analogy to the k-closest data points, and 
NB reaches 92.7% due to its simplicity & interpretability in high dimensional data analysis. 
These frameworks underlie the importance of personalized machine learning solutions to 
accurately diagnose and predict prostate cancer with MRI and CT scans. CNNs excel with 
98.99% accuracy in prostate cancer prediction, while RNNs follow closely with 96.5%, 
emphasizing temporal dependencies. KNN and NB contribute crucial simplicity and trans- 
parency despite slightly lower accuracy, achieving 93.5% and 92.7%, respectively. 
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Figure 2a. Prostate cancer. Figure 2b. Confusion matrices. 


Naive Bayes excels in medical diagnostics due to its simple classification strategy, while 
KNN relies on feature pattern similarities. In our prostate cancer prediction investigation, 
we used four machine learning models. Figure 1b shows their confusion matrices. The con- 
fusion matrix is critical for assessing classification models since it shows how well they 
identify cancer from non-cancer instances. CNN confusion matrices show 498 true positives 
(TP), or cancer cases successfully diagnosed. The model miscalculated cancer likelihood in 
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two cases with two false positives (FP). The model mispredicted malignancy in two false 
negatives (FN) but correctly identified 498 true negatives (TN). RNNs have 482 true posi- 
tives and 18 erroneous positives in their confusion matrix. The program properly identified 
482 cancer cases but misclassified 18 non-cancerous cases as malignant. The model also 
properly recognized instances without cancer, as shown by its 482 and 18 true negatives (TN) 
and false negatives (FN) values. The k-Nearest Neighbours (KNN) confusion matrix had 
467 true positives and 33 false positives. The program properly identified 467 cancer cases 
but also gave 33 false alarms by misclassifying non-cancerous cases as malignant. True 
negatives (TN) and false negatives (FN) accurately classify non-cancerous and missing 
cancer cases. The confusion matrix for Naive Bayes (NB) comprises 465 true positives (TP) 
and 35 false positives (FP). Thus, 465 cancer cases were correctly diagnosed and 35 were 
misdiagnosed. The model’s true negatives (TN) and false negatives (FN) of 465 and 
35 indicate that some cancer patients were misclassified whereas non-cancerous cases were 
correctly classified. Comparison of Machine Learning Model Performance Metrics is shown 
in Table 2. 


Table 2. Comparison of machine learning model performance metrics. 


Model Precision (%) Recall (%) F1 Score (%) Accuracy (%) 
Convolutional Neural Networks (CNN) 99.1 98.7 98.9 98.99 
Recurrent Neural Networks (RNN) 97:2 95.9 96.5 96.5 
k-Nearest Neighbors (KNN) 94.0 93.1 93.5 93.5 

Naive Bayes (NB) 93.0 92.5 92.7 92.7 


6 CONCLUSION 


Overall, our findings are groundbreaking in prostate cancer detection and treatment. We can 
improve prostate cancer early detection and survival prediction with cutting-edge machine 
learning methods. Examples of these models include Naive Bayes (NB), k-Nearest Neighbours 
(KNN), Recurrent Neural Networks (RNN), and Convolutional Neural Networks (CNN). 
CNNs can extract and interpret complicated patterns from MRI and CT scan pictures with 
98.99% accuracy. CNN ability to detect minute changes that may signify cancerous tissue 
has upped the bar for image-based medical diagnostics. RNNs can identify temporal con- 
nections with 96.5% accuracy when analyzing prostate cancer lesion progression. This skill is 
promising for cancer monitoring and prediction. KNN and NB have decent accuracy (92.7% 
and 93.5%). They demonstrate the variety of medical diagnostic methods, even though they 
don’t predict prostate cancer as well as CNN and RNN. Our findings emphasize the impor- 
tance of selecting the proper machine learning model based on dataset and clinical situation. 
These models improve prostate cancer detection and prognosis holistically, which may 
improve patient outcomes and care. Patients and doctors will benefit from the study’s more 
accurate, successful, and collaborative prostate cancer treatment methods. 
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ABSTRACT: This project aims to automate the identification and diagnosis of tobacco 
plant diseases from digital images using deep learning methods, such CNNs (convolutional 
neural networks). Materials and methods: group 1 focuses on using digital image processing, 
namely segmentation, to detect tobacco plant illnesses and improve agriculture using 
machine learning and IoT integration. group 2 aims to restore knowledge about tobacco 
plants by using image processing to differentiate species, providing precise leaf segmentation, 
disease identification, and fertilizer recommendations, with the goal of reconnecting people 
with nature’s diversity through a user-friendly application. Result: the proposed CNN 
(convolutional neural networks) model achieves a superior accuracy of 96.1% and a recall of 
0.96, showcasing its efficacy in identifying diseased tobacco plants, enabling timely inter- 
ventions and promoting sustainable farming practices through automated diagnosis. 
Conclusion: this study overcomes graph cut model challenges in large datasets, employing an 
active contour segmentation method with global geometric descriptors, a neural network, 
and a polygonal leaf model for holistic leaf analysis, species classification, disease identifi- 
cation, and measurement-based fertilizer recommendations. 
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1 INTRODUCTION 


The practice of utilizing different technical tools to locate and differentiate tobacco plants in 
agricultural fields or plantations. This can entail using remote sensing methods to find cer- 
tain spectral fingerprints connected to tobacco plants, including satellite photography or 
drones carrying cameras [1]. 

This study presents a machine-learning method for a boom sprayer attached on a tractor 
that can precisely identify weeds and tobacco crops, lowering the dangers to the environment 
and human health that come with applying agrochemicals randomly. It surpasses a deep 
learning based technique for embedded hardware with regard to precision and real-time 
performance, achieving 96% accuracy in real-world scenarios by employing an SVM clas- 
sifier with well-chosen features [2]. The model achieves 87.2% for the Fl-score and 67 frames 
per second. In addition, it presents a brand-new disturbance-based pressure and flow man- 
agement technique that reduces agrochemical usage by up to 60% while improving spray 
quality by mitigating pressure variations during spraying [3]. Both frameworks were trained 
on a recently released dataset (TobSet). Targeting only tobacco plants, YOLOv5S showed 
faster inference than Faster R-CNN, which displayed greater accuracy and robustness. This 
allowed for more precise pesticide application and a noteworthy 52% reduction in pesticide 
usage [5][6]. It also obtains a higher F1 score, indicating enhanced detection performance. 
For real-time crop-weed detection systems, YOLOvS is thought to be more appropriate than 
YOLOv7, even though the latter has a detection time that is 10 times longer [4]. 
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2 RELATED WORKS 


This research proposes an efficient Technique for identifying out-of-distribution data in CPS 
control systems using deep support vector data description, variational autoencoders for 
anomaly detection, and inductive formal prediction. Demonstrated on advanced braking 
and self- driving systems, it ensures a precise false alarm rate that keeps real-time efficiency 
by minimizing false positives and detection delays [5]. This research introduces an 
uncertainty-aware fusion scheme for robustly integrating multiple sensor modalities in deep 
learning architectures, even when facing degradation unseen during training. 

This addresses the challenge of monitoring neural network outputs online for 3D human 
shape and posture estimation, which is essential for applications requiring safety, such as 
self-driving cars. It utilizes graph theory and topes theory to ensure safe operation and detect 
faults [6]. Additionally, ML-based computer vision enhances crop monitoring and fore- 
casting patterns of fertility and identifying illnesses to increase livestock output, while 
intelligent irrigation and harvesting techniques reduce human labour, ultimately enhancing 
sustainable productivity and product quality in agriculture [7]. 

This research Agriculture, crucial for sustaining human activities, faces challenges from 
overpopulation and resource competition, threatening global food security. Solutions are 
provided by disruptive technologies like blockchain, cloud computing, big data analytics, 
and machine learning. For improving productivity, conserving water, ensuring soil and plant 
health, and promoting environmental stewardship [8]. 


3 MATERIALS AND METHODS 


This research was based on the fact that Tobacco Plant diseases identification for precision 
agriculture Even though tobacco plant diseases constitute a serious threat to the world’s food 
supply, it is still difficult and time-consuming to identify them quickly. The sample size was 
calculated using previous study results [9].In this current research, on Tobacco Plant diseases 
identification for precision agriculture, there are two groups. Group 1 refers to research that is 
easily photographed throughout the year, leaves are essential for identifying the kind of tree. 
Segmentation in digital image processing, in particular, isolates homogeneous zones according 
to pixel properties, improving image quality. Agriculture may become smarter by utilizing 
machine learning, artificial intelligence, and the Internet of Things to control equipment remo- 
tely and flexibly using processed data [10].Group 2 refers to research that restores lost knowledge 
about tobacco plants Figure | by using image processing to distinguish between different species 
through their leaves. It also introduces a technique for precisely segmenting and classifying 
simple and lobed tree leaves, identifies diseases, and suggests fertilizer. Through an approachable 
application, the goal is to reacquaint individuals with the diversity of nature. 


Outputs of these steps are generally images 
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Figure 1. Steps for image processing. 
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4 TOBACCO PLANT CLASSIFICATION AND SEGMENTATION 


In order to maximise agricultural output and food quality while lowering expenses and 
raising profits, effective leaf disease management is essential. Insect infestations are a major 
cause of output losses, especially in crops like rice, wheat, and beans. Currently, most leaf 
disease control involves chemicals, which can be harmful to both the environment and 
human health. international agricultural specialists are working together to create sustain- 
able substitutes for chemical pesticides in an effort to boost economic growth and increase 
food production using less natural resources. 

The acquired leaf image in RGB format will be transformed to greyscale prior to pre- 
processing in order to identify different tobacco plants based on their leaves. Equation 
provides the formula for converting an RGB pixel value to its corresponding greyscale value. 


Gray equals 0.2989 x R + 0.5870 * G + 0.1140 * B, (1) 


where R, G, and B stand for the pixel’s respective colours. 
Formulation of Energy 
Regarding a contour t that defines a region ™ (): 


E() is equal to ELeaf() + EShape() + EGradient() + ESmooth() — EBalloon() (2) 


In order to improve segmentation quality, this project investigates a variety of classifica- 
tion and segmentation techniques. It also identifies issues with the suggested graph cut model 
when applied to huge datasets. Using global geometric descriptors and regional features for 
species classification, the method entails optimising a polygonal leaf model for precise active 
contour segmentation. 


5 DETECTION RESULT COMPARISION 


Table 1 by the proposed CNN (Convolutional Neural Networks) model outperforms the 
existing methods with an increased accuracy of 96.1%, compared to 94.8% from previous 
approaches. Both models exhibit high precision scores of 0.9, indicating their ability to 
accurately classify diseased Tobacco Plants. 


Table 1. Evaluating current and suggested CNN. 


Model Accuracy Precision Recall 

Current 94.8 0.9 0.95 

Suggested CNN 96.1 0.9 0.96 
6 RESULTS 


The proposed CNN model outperforms the existing methods with an increased accuracy of 
96.1%, compared to 94.8% from previous approaches. Both models exhibit high precision 
scores of 0.9, indicating their ability to accurately classify diseased Tobacco Plants. 
However, the proposed CNN demonstrates superior recall at 0.96, indicating its capacity to 
effectively identify diseased samples, especially in the early stages. 

Figure 2 classification encompasses a diverse array of decision- theoretic methodologies 
employed for the discernment and categorization of images. These approaches leverage 
various techniques rooted in decision; a field of study focused on making choices under 
uncertainty. 
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Figure 2. This figure classification comprises numerous decision-theoretic methods for picture 
identification. 


Loss curves provide in Figure 3 graphical insights into the performance of machine 


learning models by depicting the variations in both training and validation loss throughout 
the training process. 
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Figure 3. Loss curves are visual representations of how the loss of a training loss and validation loss. 
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Figure 4. The image illustrates the training loss over epochs, showcasing a steady decline. 


Figure 5. This image shows different versions of the whole Plant dataset. We start with the Plant 
dataset as it is, in colour. 
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7 DISCUSSION 


The novel Precision agricultural robot sprayers with real-time tobacco detection and 
spraying systems use cutting-edge deep learning technology to improve crop management 
[11]. These cutting-edge robotic devices incorporate complex algorithms that allow them to 
use computer vision to precisely detect tobacco plants in real-time. By minimizing the need 
for needless chemical use, this deep learning integration not only provides more effective pest 
management and fertilizer administration, but it also decreases environmental impact [12] 
[13]. The application of deep learning to precision agriculture, particularly in the context of 
tobacco cultivation, is a prevalent theme throughout both themes. The first topic emphasizes 
focused and efficient spraying for pest control and centers on a robotic sprayer with real-time 
tobacco recognition capabilities [18]. The revolutionary potential of deep learning in preci- 
sion agriculture is demonstrated by these two applications. The first topic focuses on effec- 
tive pest control through real- time recognition, while the second topic uses disease diagnosis 
to address crop health in a more comprehensive way. By incorporating these technologies 
into tobacco farming, it is possible to increase output, decrease environmental impact, and 
adopt more sustainable farming practices. This highlights the many advantages of cutting- 
edge technology in agricultural innovation [14]. 


8 CONCLUSION 


This research identifies issues with the graph cut model in large datasets and reviews tech- 
niques for improved segmentation. It introduces an active contour method with a polygonal 
leaf model, global geometric descriptors, and regional curvature for species classification 
Figure 2. The robust colour model, resistant to variable lighting, suggests enhancements with 
an adaptable texture model. To integrate leaf analysis and disease management, a neural 
network identifies illnesses caused by bacteria, viruses, or fungi. Fertiliser recommendations 
are then made based on measurements. 
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ABSTRACT: Diabetes is a chronic condition that must be identified and treated early to avoid 
long-term problems Deep learning models have demonstrated encouraging outcomes in the early 
detection of diabetes and offering tailored treatment plans. In this research, a deep learning-based 
method for diabetes illness diagnosis is proposed. The method makes Utilization a dataset of clinical 
and laboratory data, such as age, blood pressure, blood glucose levels, and body mass index, and 
genetic variables, that was collected from diabetes patients. To begin with, feature selection tech- 
niques are employed to determine which characteristics have the greatest impact on diabetes cate- 
gorization. The dataset is then used to train and assess distinguishable. Algorithms, including 
Random Forests, Decision Trees, and Support Vector Machines. The models’ efficacy is evaluated 
using performance indicators like Fl-score, recall, accuracy, and precision. The results indicate that 
elevated percentages of diabetes detection accuracy can be attained by combining particular features 
with deep learning methods. The suggested system may help medical practitioners screen patients 
for diabetes in the early stages, which could result in an early diagnosis and suitable treatment. To 
validate the system’s performance on bigger and more varied datasets, more investigation is needed. 


Keywords: Fl-score, accuracy, precision, recall, decision trees, support vector machines, ran- 
dom forests, feature selection, clinical parameters, laboratory parameters, early diagnosis, per- 
sonalized treatment, dataset, healthcare professionals, accuracy, precision, recall, and screening. 


1 INTRODUCTION 


According to [1], diabetes impacts the health of the entire population, in its chronic disease that is still a 
major worldwide problem. This metabolic condition causes elevated blood sugar along with numerous 
additional issues like kidney failure, heart attacks, and nerve damage. Over the years, several academics 
have made an effort to create an accurate diabetes prediction model. In [3], it was suggested that if 
accurate early prediction is possible, Diabetes severity and risk factors can be significantly lowered. 
Because utilization its rise, deep learning has gained popularity in the medical world, especially in the 
area of disorders. The purpose of this study [5] is to create an effective model with high precision to 
predict diabetes. To reduce processing time, the K-nearest neighbor method is utilized. In addition, a 
support vector machine is introduced to assign the appropriate class to every sample of data. Using 
computational learning and data-driven decision-making in healthcare can improve diabetes detection 
accuracy and effectiveness. Diabetic Retinopathy (DR) is a prevalent acute stage of diabetes mellitus 
that causes vision-effecting abnormalities on the retina. This will cause blindness if not identified early. 
Because DR is not an irreversible procedure and only vision is preserved via care. Consequently, early 
diagnosis and care with DR will significantly minimize the chance of vision loss. In modern ophthal- 
mology, retinal image analysis has become a popular approach to disease diagnosis [7]. According to 
reports, the primary microvascular consequence of diabetes mellitus is diabetic kidney disease (DKD). 
Renal biopsy can distinguish diabetic kidney disease (DKD) from non-diabetic kidney disease 
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(NDKD); however, there is currently no universally accepted gold standard for predictive purposes 
when DKD will occur. This study aimed to produce a deep learning-based supplemental diagnosis 
model for type 2 diabetic kidney disease. Moreover, ensemble techniques like gradient boosting and 
random forests can improve deep learning algorithms. By combining several ML models, ensemble 
approaches enhance prediction performance by utilizing the advantages of several algorithm methods 
to provide more reliable and accurate predictions. Higher accuracy and improved generalization can be 
achieved by combining several models into a group, which considers all of the individual models’ 
decisions when making the final prediction. 

To sum up, computational learning techniques become important instruments for identifying 
diabetes. They provide precise and automated models that help medical personnel diagnose the 
condition early and treat it. Personalized medicine, focused interventions, and better patient 
outcomes can all benefit from ML algorithms’ capacity to evaluate enormous volumes of 
healthcare data and spot important trends. As technology advances, the expectation is that the 
usage of ML in diabetes detection will become more significant in tackling the growing worldwide 
diabetes burden. 


2 RELATED WORKS 


In [1], the authors presented a new framework for deep learning-based diabetes prediction. The fra- 
mework makes Utilization a variety of machine-learning algorithms to evaluate medical data and 
forecast a patient’s risk of developing diabetes. In [2], a study on the usage of ML algorithms for 
diabetes diagnosis and classification was carried out. Based on clinical data, they investigated how 
well various algorithms performed in correctly identifying and categorizing diabetes. Their research 
revealed encouraging outcomes when applying deep learning to the diagnosis of diabetes. In [3], they 
investigated the application of statistical learning algorithms in the perception of diabetes. Their study 
aimed to establish which algorithm worked best in predicting diabetes by evaluating its performance 
across distinguishable models. The authors concluded that diabetes can be accurately diagnosed using 
deep learning techniques. In [4], they employed fused machine-learning approaches to create a dia- 
betes prediction model. They improved the accuracy of diabetes prediction by combining several 
machine-learning techniques. Their study’s findings demonstrated how well-fused deep-learning 
models work to forecast diabetes. In [5], deep learning algorithms to forecast the onset of diabetes 
were implemented by the authors. They examined and contrasted the efficacy of several machine- 
learning approaches in predicting diabetes. Their study’s conclusions showed the promise of deep 
learning algorithms for precise diabetes prediction. [6] Describes an automated learning algorithm for 
diabetes prognosis. The study employed the random forest classifier technique to forecast the course 
and intensity of diabetes. Excellent results were obtained by using deep learning for diabetes prognosis 
in this study. They used a deep learning model to develop a hybrid retinal image enhancement 
approach for the diagnosis of diabetic retinopathy [7]. Their study used a combination of deep 
learning and image enhancement techniques to improve retinal pictures and raise the diagnostic 
accuracy of diabetic retinopathy. In [8], they investigated the Utilization deep learning algorithms to 
predict diabetic kidney disease. They focused on predicting the beginning of diabetic kidney injury 
after a type 2 diabetes diagnosis. The researchers demonstrated the applications of deep learning 
techniques to predict diabetic kidney damage. In [9], automated learning algorithms were used to 
provide predictive modeling and analytics for diabetes. They used a range of machine-learning algo- 
rithms to assess medical data and identify diabetes in patients. The study showed that predictive 
modeling can be used to predict diabetes. In [10], the authors investigated the utilization liver function 
test data to identify and prognostic many disorders, including diabetes. They looked into many 
computational learning algorithms and how to employ tests. 


3 EXISTING SYSTEM 


Numerous disadvantages to the existing deep learning-based diabetes disease diagnostic approach. 
First and foremost, these systems rely heavily on exact data gathering and preparation. Accurate 
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data collection for diabetes diagnosis, however, can be difficult to get since it requires knowledge of 
a variety of variables, such as blood glucose levels, insulin use, prescription history, and lifestyle 
choices. Incomplete or erroneous data might lead to incorrect diagnoses and forecasts. Second, for 
present systems to learn well, a vast of data is often required. Such extensive data collection can be 
expensive and time-consuming. Furthermore, a variety of data sets that are illustrative of distinct. 
Training should take demographics and groupings into account. Such varied datasets are frequently 
hard to come by, which causes bias and restricts the models’ capacity to be broadly used. The 
inability to easily understand and evaluate the predictions generated by these algorithms is another 
significant drawback. Because deep learning algorithms frequently operate as “black boxes,” it 
might be challenging for medical experts to comprehend the logic underlying a given prediction or 
choice. This lack of openness may cause people to lose faith in the system, which could prevent it 
from being adopted and used in actual clinical situations. 

Furthermore, when it comes to managing ambiguous or unpredictable situations, the current 
systems could not be trustworthy. Since deep learning models are trained on historical data, not all 
scenarios may be covered. BecaUtilization this, the models could find it difficult to forecast out- 
comes for situations that don’t fit within the training set. Furthermore, the mechanisms and 
underlying causes of diabetes may remain elusive to the current systems. Deep learning algorithms 
can find patterns and connections in data, but they might not be able to comprehend the disease’s 
underlying physiological processes. This constraint makes it more difficult to create individualized 
treatment plans and focused interventions because the models are mainly based on statistical con- 
nections rather than causal relationships. 

To summarize, the current deep learning-based system for detecting diabetes disease has several 
drawbacks, including its reliance on precise data, the need for a large and diverse dataset, a lack of 
transparency, limited dependability in dealing with ambiguous situations, and the inability to identify 
the underlying causes of diabetes. To identify and treat diabetes, efforts must be made to overcome 
these limitations and develop machine-learning models that are more trustworthy and intelligible. 


4 PROPOSED SYSTEM 


The proposed effort aims to ascertain and forecast diabetic illness applying methods from deep 
learning. Diabetes is a chronic illness that affects millions of people globally and for which early 
detection is crucial and is essential to controlling the condition and averting complications. We 
can create a dependable and accurate system that can help with the early detection and prediction 
of diabetes by utilizing deep learning techniques. The collection of a complete dataset comprising 
distinguishable health and lifestyle characteristics, medical history, blood glucose levels, and other 
pertinent diagnostic tests are the initial stages of task. The deep learning algorithms will be trained 
and tested using this dataset as the basis. In order to ensure that the input variables are significant 
and instructive, irrelevant or noisy data will be eliminated using feature selection and preproces- 
sing procedures. 

Following that, a range of deep learning methodologies will be examined and contrasted in order 
to determine which model is best for the diabetes diagnosis problem. We’ll look at ensemble 
approaches like random forests and gradient boosting, in addition to algorithms like logistic 
regression, decision trees, and support vector machines and more. The performance of these models 
will be evaluated using metrics such as Fl-score, recall, accuracy, and precision. 

Using feature engineering approaches, new features will be extracted from the current dataset 
to enhance the model’s accuracy. This could entail changing variables to a distinguishable scale or 
representation or developing new variables that capture the relationships between various factors. 
Furthermore, the planned endeavor will investigate the utilization neural network techniques for 
diabetes detection, such as recurrent or convolutional neural networks. These models could offer 
more accuracy and performance, and they have shown remarkable effectiveness in a broad variety 
of medical applications. Finally, the neural network model’s ability to generalize will be tested 
with previously unseen data. To determine the model’s efficacy and usefulness in real-world set- 
tings, cross-validation techniques will be utilized to assess how well it performs in comparison to 
the methodologies. 
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The overall goal of the suggested study is to use deep learning to create a dependable and accurate 
mechanism for identifying diabetes and prediction. The results of this study will not only aid in early 
diagnosis but also better disease management and the avoidance of diabetes-related comorbidities. 


5 SYSTEM ARCHITECTURE 


[Patiene bate | 


Preprocessing 


Data Cleaning 


Feature Selection 


Data Normalization 


[ Machine Learning Model | 


Optional 


| Hyperparameter Tuning | 


Model Training 
Model Evaluation 


" Diabetes Prediction Output 


Figure 1. System architecture. 


6 METHODOLOGY 


Preprocessing Data and Feature Selection: The initial stage in this module is to gather and prepare 
the data needed to train the deep learning model. This entails obtaining pertinent clinical and 
demographic data from individuals with diabetes diagnoses. After that, the data is cleaned to get 
rid of any noise or outliers that could compromise the model’s accuracy. The most instructive 
features from the dataset are selected using feature selection techniques. These characteristics 
could include body mass index (BMI), age, ethnicity, blood glucose levels, and a family history of 
diabetes. The objective is to choose a subset of attributes that will give the model the most pre- 
diction capability. Shown in Figure 1. 

Training of Deep Learning Models: In the phase of Training Machine Learning Models, fol- 
lowing data preprocessing and feature selection, the machine learning model undergoes training. 
Various techniques, such as logistic regression, artificial neural networks (ANN), decision trees, and 
support vector machines (SVM), can be employed for this purpose. The preprocessed dataset is 
inputted into the chosen method, enabling the model to discern correlations and patterns between 
the selected features and the target variable (diabetes diagnosis). The training set, a subset of the 
dataset, is utilized for model training. A range of metrics, including the F1 score, recall, accuracy, 
and precision, are utilized to assess the model’s performance. Hyperparameter tweaking techniques, 
such as grid search or random search, can be utilized to optimize the model’s performance. 

Testing and Evaluation The final stage, Testing and Evaluation, involves assessing the trained 
model’s capacity to generalize using a separate dataset, referred to as the testing set. This set comprises 
fresh, untested data not utilized during the model’s training phase. The model’s real-world performance 
can be gauged by its performance on the testing set. A variety of evaluation criteria, including recall, 
accuracy, and precision, are used to assess how well the model predicts diabetes. Furthermore, methods 
like bootstrapping and cross-validation ensure model stability and facilitate a rigorous evaluation 
process. If the model meets the requisite standards, it can be pplied in practical scenarios, such as aiding 
medical professionals in managing patients’ conditions or providing early detection of diabetes. 
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Shown in Figure 2. 
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Figure 2. Variation concerning given parameters. 


7 RESULT AND DISCUSSION 


The deep learning-based diabetes sickness fond is intended to assist healthcare providers in accu- 
rately diagnosing in treating. Using powerful deep learning algorithms, the system analyzes a wide 
range of patient data, including medical history, symptoms, genetic information, and laboratory test 
results, to find trends and predict the likelihood of diabetes onset or progression. The program 
employs feature extraction techniques to detect hidden indications that may be invisible to human 
observers while accounting for a range of risk factors. This includes characteristics such as blood 
pressure, cholesterol, age, weight, and family history. Over time, the system can increase its accuracy 
and precision by updating its models and learning from the huge amount of info that is already 
available. Using this technology, medical practitioners can make quite good decisions about treat- 
ment plans and actions, resulting in better patient outcomes and disease management. Furthermore, 
the approach may help with the early detection of diabetes, allowing for fast action and possibly 
postponing the increment in problems. Overall, this deep learning-based strategy for diagnosing 
diabetes illness provides medical personnel with a vital tool for providing tailored care to patients 
with the condition while also improving their quality of life. Shown in Figure 3(a,b). 
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Figure 3(a). Bar graph representing the Figure 3(b). Comparison of algorithms. 
outcomes. 
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8 CONCLUSION 


In summary, the deep learning-based diabetes illness detection system exhibits significant promise 
for facilitating prompt and precise identification of the condition. The system can assess patient 
data and forecast the risk of acquiring diabetes by employing a vast difference in algorithms and 
approaches, including feature selection, classification, and data analysis. This can be of con- 
siderable use to medical practitioners in identifying and treating high-risk individuals promptly. 
With additional work and improvement, this approach could greatly enhance diabetes identifi- 
cation and management, improving patient outcomes and lessening the toll that the illness has on 
both individuals and healthcare systems. 


9 FUTURE WORK 


Future research on the deep learning system for diabetes disease detection may concentrate on several 
important areas. First, attempts could be made to increase the size of the dataset that the deep learning 
algorithms are trained and tested on. To get a more comprehensive and varied set of patient data, 
including characteristics like age, gender, ethnicity, and lifestyle factors, this may entail working with 
healthcare facilities. Furthermore, investigation into various deep learning models and algorithms can 
be carried out to ascertain their efficacy in precisely identifying diabetes. Analyzing the differences 
between deep learning models like convolutional neural networks and models like logistic regression, 
support vector machines, random forests, and random forests might reveal important information 
about which method works best. Moreover, by identifying the most pertinent variables for diagnosis, 
feature selection approaches might enhance the system’s performance. Integrating wearable technol- 
ogy or smartphone apps to track blood sugar levels and vital signs continuously will improve the 
accuracy of the system overall and improve real-time detection. Ultimately, extensive clinical trials 
should be used to comprehensively test and validate the system to its suitability for integration into 
healthcare practices and to gauge its performance in real-world circumstances. 
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ABSTRACT: The interference of light is one of the cornerstone techniques used in the 
assessment of the quality of textile fabrics. The method is non-destructive and highly sensi- 
tive to multiple parameters, making the technique relevant to numerous features of the 
fabrics. The present paper explores the interference phenomenon in its impact on the quality 
control of textiles. Specifically, this paper exemplifies essential application of the interference 
patterns. This phenomenon is used to evaluate the transparency which is vital for chiffon or 
organza fabrics, and surface quality examination to reveal wrinkles and other defects. 
Additionally, interference can be used to measure coating thicknesses, helping to guarantee 
an equal application for the desired functionality. Finally, although they are not related to 
interference, the assessment of color quality in textiles is connected to light interactions. 
Using interference basics in their production, manufacturers can improve quality-testing 
procedures, thus increasing the overall quality and functionality of textile materials. 


Keywords: Interference of light, Spectrum of light, Quality of cloth, Textile fabrics, Screen 


1 INTRODUCTION 


Light interference, a tool based on the interaction of light waves, is widely used in quality 
control of textile fabrics. The interference of light and matter is indeed a unique and infor- 
mative approach enabling to obtain detailed information about a range of parameters 
important for the fabric quality. This paper focuses on the importance of the interaction of 
light in quality control of textile fabrics. There is a wide range of parameters affecting the 
quality of textile fabrics, such as thickness homogeneity, surface quality, transparency, and 
thickness of coating. However, due to low sensibility and accuracy, traditional measures lack 
the ability to complete high-precision assessment. Hence, the interference of light presents a 
unique method for refining the assessment of textile fabric with the help of a non-destructive, 
high acuity test. Thus, by tapping into interference principles, manufacturers may implement 
stronger quality assurance practices that elevate the standards of the textile industry. The 
purpose of this exploration is to reveal how the interference of light facilitates the 
improvement of the textile manufacturing process by enhancing the quality control process. 
Interference of light is also utilized when checking the quality of textile cloths. For example, 
it finds application when measuring the thickness of the object, as well as the transparency of 
surface quality, or layer thickness. The phenomenon of interference allows manufacturers to 
ensure that the materials created in their facilities are of the highest possible quality due to 
the adherence to the proposed standards and elements 
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2 LITERATURE REVIEW 


2.1 Thickness measurement 


Thickness of textiles is one of the measures taken during textile production. Traditionally 
measurement of the same is done by passing light through the textile making the material to be 
opaque on the screen. This method is not efficient as it brings out thickness of different areas 
but it may not be exact unless the thickness is well distinguished. A variance in thickness in any 
textile fabric is detrimental as it may lead to defects and undesired outcomes. Materials sub- 
jected to the thickness measurement process may either be defective or be manipulated leading 
to the production of nonconforming materials. Thickness is the measure that is used by many 
parameters to measure quality. Death matters in textile quality. This paper reviews the 
application light interference, an emerging technique in quality control, measuring the thick- 
ness of a textile material. Light interference refers to the phenomenon whereby light waves 
cancel or reinforce some light wavelengths due to overlapping. In various industries, this has 
been achieved by thin film method or this phenomenon has been applied to manufacture 
precise measurement data. Measurement of the thickness of textile fabric through light inter- 
ference has also been a concern for the textile industry [1]. 


2.2 Transparency evaluation 


The quality of transparency or opacity in textile materials can also be revealed via inter- 
ference patterns. In sheer fabrics such as chiffon or organza, interference may be key to 
understanding the fiber’s density or necessary transparency for the textile material’s target 
application. In textiles, transparency is a variable that influences the final qualities of 
materials within aesthetic, functional, and application considerations fields. Quality, there- 
fore, appears to dictate that all textile materials be produced with consistent levels of 
transparency to meet the most varied needs amongst consumers. Traditional methods for 
evaluating transparency may be less sensitive or less precise for detecting minimal differences 
in this variable amongst textile fabrics. Light interference appears as a valuable and non- 
destructive tool for assessing transparency due to the interference’s effect power and ease of 
detection. This paper explores light interference’s application in the quality control process, 
focusing on transparency evaluation in textile fabrics [2]. 


2.3 Surface quality inspection 


Interference techniques are also applicable for examining the fabrics’ surface quality. The 
interference patterns apparent on the fabric surface indicate wrinkles, irregularities and 
appearance, uneven weave patterns, etc. This method ensures that fabric can also meet stan- 
dards regarding aesthetic and textural quality. Surface quality regulatory authorities are an 
essential factor in determining the overall appearance, feel, and functioning of textiles. Most 
defects in the textile surface, such as wrinkles, irregularities, and weave variations, have a 
negative impact not only on its look but also on quality deterioration and loss of consumers’ 
fulfillment. Due to the lack of sufficient precision and accuracy to detect small defects, con- 
ventional methods for surface quality measurement cannot identify even the most minor 
manifestation of such defects. Light, on the other hand, has interference properties which are 
put to use for the accurate and non-destructive measurement of textile surface quality. 
Therefore, this work explores the use of light interference for quality assessment, focusing 
predominantly on light interference application in the fabric’s surface [3]. 


2.4 Coating thickness measurement 


In the case of textiles where coatings or finishes are used, the application of interference 
techniques assists in finding an accurate way to test the thickness of these coatings. This way, 
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the results confirm that the coating was spread evenly, in certain circumstances, and as a 
result, the functionality such as water resistance, fire protection or longer durability are 
achieved. Textiles are often enhanced with coatings or finishes during manufacturing in an 
attempt to make them sturdier, more resilient to water, or be better fire-resistant. For this to 
be achieved at high-quality standards, the thickness of the coating must remain uniform 
across the textile fabric. Some traditional methods of measuring the coating thickness used in 
the textile industry may lack the precision and accuracy required by industry standards. The 
interference of light offers an advanced non-invasive method for measuring coating thickness 
in textile fabrics. This report examines the role of light interference in quality control, spe- 
cifically considering the techniques appropriateness for the measurement of coating thick- 
ness on textile fabrics. Interference of light occurs when several waves of light amalgamate to 
create interference patterns. In textiles, the coating differences results in patterns of inter- 
ference which can then be measured to deduce the coating thickness with great sensitivity 
and accuracy. This method for the measurement of coating thickness presents distinguished 
advantages over the methods used in the textile industry on general levels. [4]. 


2.5 Color quality assessment 


While not directly related to interference, analysis of the interaction of light with textiles is 
crucial for one’s perception of colour. For that reason, quality control of textiles often 
concerns colour consistency and vibrancy. Additionally, interference phenomena such as 
iridescence or fabric colour shifts due to thin film interference may also be taken into 
account for some applications. Colour consistency and vibrancy are the critical character- 
istics of textile fabrics that affect its visual qualities and marketability. The demand for 
achieving is of critical importance for maintaining brand reputation and customer satisfac- 
tion. Traditional methods of colour quality control can commonly lack the sensitivity and 
accuracy required for consistent dye lots and the detection of minor shifts between the bat- 
ches. Light interference, however, presents a complex and non-destructive methodology used 
to provide unique and detailed information on colour quality for texture fabrics. This paper 
will elaborate on the relevant applications of interference of light in the quality control 
process of textile fabrics, with a focus being placed solo on color quality. Interference of light 
creates when two or more light wavers inter-act, creating interference patterns. In textiles, 
differ-a pay he -old colouration leads to a variety of different interference patterns when light 
hits the fabric. This, in turn, can be analysed to give quantitative values on colour attributes 
such as hue, saturation, and brightness with exceptional sensitivity and accuracy. 
Interference-based colour quality controls offer several advantages compared to traditional 
methods. [5,6]. 


2.6 Applications of optical interference in the textile industry 


This academic review provides a comprehensive analysis of the applications of interference 
phenomena in the textile industry with a specific focus on quality control processes. The 
authors examine the applications of these techniques for measuring the thickness of textiles, 
analyzing transparency, evaluating the surface quality, coating properties, and texture, as 
well as color quality in textile fabrics. “Interference based techniques for fabric inspection”. 
This review explores the most recent advances in interference-based evaluation and inspec- 
tion of textile fabrics, with a particular emphasis on the most widely utilized techniques for 
quality control. The authors introduce conceptualization and describe the instrument 
development used for the application in the assessment of textiles thickness, transparency, 
surface quality, coating, and color detailing. Recent advances in non-destructive evaluation 
of textile materials using interference techniques. The literature contains information about 
the utilization of interference phenomena to ensure uniformity and equality in textile fabrics 
in terms of color, texture properties etc. Recent advances in interference imaging for textile 
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quality control. A news review provides information about interference imaging and its 
appliance in evaluation and control of textile quality. The authors review the possibilities of 
the utilization of interference and the ways to proceed with the data obtained. The studies 
cover the most recent findings in interference of light when it comes to textile assessment and 
quality issues. Due to advanced instrument usage, the development of datasets and universal 
imaging, and recent advances in interference patterning, the research is supposed to serve as 
a catalyst for future development [7,8]. 


3 METHODOLOGY 


In this manuscript, the quality of the textile cloth is checked by the phenomenon of inter- 
ference. In this phenomenon, the sample of cloth is clamped in such a way that the mono- 
chromatic light is normally incident on the sample. The space between two threads of the 
textile cloth behaves like the slit. When the monochromatic light passes through the space 
between two threads, it interferes and make a spectrum on the screen. The characteristic of 
the spectrum represent the quality of the textile cloth. The intensity of the colour of the 
spectrum on the screen, the width of the band of the colour, represents the quality of the 
cloth. Shown in Figure 1. 


Space between two threads 
of textile cloth 


Resultant of 
Interference, 
Spectrum of single 
colour 


made 


Monochromatic light or 
Lader light 


Screen for 
colour intensity 


measurement 
Sample of textile cloth 


Figure 1. Incidence of monochromatic light on the textile cloth. 


4 RESULT & DISCUSSION 


The interference of light has proved to be a key quality control technique in the textile sector 
and, as such, it has revolutionized quality control due to its several advantages. The fol- 
lowing points illustrate the importance of the interference phenomenon in several aspects of 
controlling the quality of textile products. 


4.1 Precision and sensitivity 


Interference techniques always offer high precision and sensitivity in evaluating properties of 
the textile fabrics. In this case, manufacturers can identify superimposed fringes that result 
from the interference patterns experienced when light comes into contact with textile fabrics. 
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This indicates that fabric variations in their thickness, transparency, surface states, coating 
thickness, color, etc. can easily be detected. At this level of sensitivity, manufacturers are able 
to make quick and timely adjustments to the entire manufacturing process, response to 
defects, and to ensure that the materials meet the finer quality acceptable by the market. 


4.2 Non-destructive evaluation 


The most important feature that distinguishes interference techniques from traditional 
methods is the possibility of non-destructive evaluation of textile fabrics. For other methods, 
structured testing or sampling is always required, which is compendious for the structure of 
the material. However, with the interference of light principles at play, the structure remains 
intact and perfect while manifests are still of quality. This saves the economic costs asso- 
ciated with new testing or sampling for products on the market. 


4.3 Efficiency and cost-effectiveness 


Interference quality control methods are usually more efficient and cost-effective compared 
to traditional methods. Interference measurements are increasingly correct and also highly 
instrumental, especially for the structural evaluation levels and their accuracy. Time and 
other resources spent on manufacturing are reduced, leading to improved and robust quality 
products [9-11]. 


4.4 Whole assessment 


Finally, the interference of light principles harnesses the power of whole assessment. The 
interference patterns are powerful and indicate measurements experienced. Across several 
wavelengths and even angles for identified with the same lines of fringes, and various aspects 
on the same materials may be identified. In this nature, manufacturers can easily determine 
top quality fabric properties across transparency levels, thickness, surface, thickness of the 
plastic, and quality levels in returning colors. This is the power that indicates measurements 
that are not easily translated in any other phenomenon except for the property of the 
material quality. 


4.5 Customer service and satisfaction 


As explained, manufacturers are harnessing a find ground of producing quality products that 
are always adjusting to our quantity demands. These are shifts experienced due to the power 
of the customer’s name. Therefore, interference of light may make manufacturers shift to our 
quality demands, and customers get timely demands. Ultimately, interference of light plays a 
critical role in the quality control process of Korean textiles. These phenomena’s precision 
and sensitivity make the interference of light more applicable for assessing Korean textiles’ 
properties. Consequently, the interference of light has enabled Korean textiles manufacturers 
to deliver products consistent with the modern consumer needs [12-15]. 


5 CONCLUSION 


Light interference represents an important breakthrough in the textile fabric quality control 
landscape, as it provides a variety of benefits over the conventional approaches to inspection. 
Good level of precision, sensitivity, and efficiency is obtained by the use of interference 
phenomena and, in its turn, would be impossible otherwise to perform the broad assessment 
of the primary fabric properties necessary to determine the overall quality. At the same time, 
the use of interference methods at all stages of inspection guaranteed a non-destructive 
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measurement process that allowed us to evaluate the transparency, surface quality, coating 
thickness, and color consistency while preserving the fabric’s physicality in its integrity. This 
type of assessment will be used, or any alternative one, remains up to the fabric manu- 
facturer, who will use it to create the items that may or may not correspond to the industry 
standards or consumer expectations in terms of quality, impacting the manufacturer’s image 
and the level of consumer satisfaction. The integration of interference-based inspection is 
expected to improve the efficiency and feasibility of fabric manufacturing. The demand for 
interference-based measurement techniques, the needs automation equipment, and sophis- 
ticated measurement tools will save manufacturers a significant amount of mounting due to 
the streamlined measurement processes. It will benefit the cost of the variable production 
cost industry, it is safe to say that the interference of light plays a central role in the fabric 
manufacturing process and its evaluation. It contributes to a product quality improvement 
drive in the textile manufacturing industry. In future, it is also expected that further 
improvements in interference property measurement techniques can be made possible 
through further R&D investment. 
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ABSTRACT: Early cancer identification lowers the risk factor and lowers the cost of treatment, 
in addition to helping to lower the risk. The majority of us, however, are only exposed to a small 
subset of the breast cancer prognostic tools that are currently accessible. People generally avoid 
having the standard screenings because of the risks associated with radiation exposure and the 
high cost of these intrusive, painful procedures. In light of this, the impact on the lists of current 
breast cancer detection tools and their capabilities were provided in this study in an effort to 
enhance public awareness of the subject and boost people’s faith in its effectiveness in the early 
identification of breast cancer. 


Keywords: Breast cancer, image processing, Algorithm, segmentation, Adaptive mean filter, 
classifier 


1 INTRODUCTION 


Breast cancer is the second leading cancer worldwide. Since 2007 breast cancer screening proce- 
dure starts from at the age of 50 not more than 60. Early detection of breast cancer can decrease 
the death rate 1% in year 2013 to 2017.Various screening and tests procedure for breast cancer 
include Mammogram is an x-ray of a breast image when the abnormality detected then evaluate 
that abnormality (Mayo clinic). Breast ultrasound used to produce sound waves images is to 
determine new breast lump or mass in and around the nipple another method MRI using radio 
waves to take breast images. Different types of breast cancer when cells starts in lobules or ducts 
called carcinomas then cells develop around the breast tissue is invasive type. Cells develop in milk 
ducts but not around the breast is In situ type. Triple breast cancer and inflammatory breast 
cancer are aggressive in nature this type are difficult to treat. The age of cancer diagnosis black 
women 60 and white women 63 years old, black women got higher chance of breast cancer at the 
age of 40 years old. Pacific and Asian people got lowest chance of breast cancer compare to 
American and Indian people. 


2 LITERATURE SURVEY 


2.1 Survey 


[1]This study compared the results of the Wavelia Microwave Breast Imaging (MBI) system 
prototype against mammography results to determine how well it might detect malignancy and 
benign breast lesions 

Method:- For diagnosis, a breast imaging tool called Wavelia, which uses low strength electro- 
magnetic waves, is used. OBCD (Optical Breast Contour Detection) and MBI are the two subsystems 
that are integrated in this system (Microwave Breast Imaging). The entire volume and morphological 
data of the breast are provided by the OBCD, which is always performed before MBI. 
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2.2 Algorithm 


[2] Data handling, feature extraction modeling, and classification constitute the processing flow. 
DenseNet incorporates an input layer for every stage of information transfer in image features. 
This integration of information from previous layers significantly decreases the number of chan- 
nels at each stage, leading to remarkable memory and processing efficiency 

[3]. 1. The aim is to utilize a dense layer and batch normalization with two neurons to classify 
binary outputs (benign or malignant), employing softmax activation, binary cross-entropy loss, 
and Adam optimization. 


2.3 Future prospects 


By expanding the network’s depth, more features from cancer images, like texture, colour, border, 
and shape, could be extracted, improving the accuracy and lowering mortality rates. 

3. Here, the effectiveness of the portable gadget (iBreastExam (iBE)) in predicting the presence of 
breast abnormalities is examined by contrasting it with the outcomes of breast biopsies, mammograms, 
and ultrasounds. This involves using piezoelectric palpation as a method. A probe with a 4x4 array of 
piezoelectric sensors, an electronic board, and tablets make up the iBE. [4]. 


3 EVOLUTION OF BREAST CANCER 


3.1 Mammography, microwave imaging and thermogram imaging 


The American Cancer Society screening taken at starting age of 40 European cancer society said 
screening time for women at the age of 60 recommended at every 2 to 3 years. [5] In1949 texas 
introducedfine grain identifying clear images of the breast finally 1968 mammogram used all around 
the world FDA approved digital mammogram followed by 3D-Hologic breast imaging. 
Mammogram technique more pain for some women each breast compressed for few second. [6]In 
United States two types of Mammogram are used digital tomosynthesis and digital mammogram. [7]. 
Digital mammogram record the images in computer some limitation are overlapping tissue during 
compression and its takes one picture at whole breast in two direction. 


3.2 Methodology 


Breast cancer detection using thermography image (1) In recent years breast cancer detection with 
thermography images give more efficient results compare to optical and microwave imaging. [8]. 
Contrast enhancement mammogram improved selectivity and sensitivity its achieve 92% sensi- 
tivity compare to mammogram. 


4 PROPOSED SYSTEM 


In order to look for potential breast cancer signs such tumours, microscopic calcium deposit clus- 
ters, and strange changes on the skin’s surface, mammography is a standard diagnostic process used 
in breast cancer screening. It is recommended in this research to use the Multilevel Thresholding 
Electro-Magnetism-like Optimization (MTEMO) technique to gather a significant sample size from 
a useful search region inside the mammographic images. [9]. 


4.1 Implementation of MTEMO method 


The mammography threshold value is addressed using the EMO technique, which leads to the 
following overall conclusion: The use of association rule algorithms is suggested for the detection 
of breast cancer type 1A. 

Maximize(x),x = (x1,...,X,) E€ R” Subject to x € X (1) 


The electromagnetic charged particles at each point are xi,t At connected to search space A and 
are taken to be positively charged and related to each point’s objective function. The objective 
function has more charges than any other attraction-repulsion point. [10], which attracts more 
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points to At and repels any other point in the search area if it has a negative charge. Finally, as each 
xi,t At moves in the direction of the total force to any other site yi,t, the overall total force Fi is 
applied to the i-th point [11]The local search space looks into the area to find the best ideal solution. 


xi, +1 = {yi, tif fzi(, oth Yierwise, t,) < f(zi,t) (2) 
o 
Cr Compute total force vector and 
move entire population and force 
>| vector 
4 
Read the images & RGB - 
separately and store the Select the best elements of this 
paginas search based on their objective 
= function values 
Obtain histograms for RGB & No 
grayscale images and calculate 
probability distribution 
Yes 
thal Select particle using objective 
Initialize EMO parameters and + pa g 
evaluate the objective function function and apply threshold 
values to images 


Figure 1. Flow chart of MTEMO. 


Step 1. I am an IGr image that is stored in grayscale. c = 1 for grayscale photos or c = 1, 2, 3 
for RGB images. 

Step 2: Examine the histograms of the RGB (hR, hG, hB) and greyscale (hGr) photos. 
Create random weights for each data point in step two. 

Step 3: Calculate the bias term’s value and randomly initialise each point’s mistake. 

Step 4: Using random variables, initialise the and. 

Step 5: Look for e, w, and b’s random variables that minimise the objective function. 
Step 6: with a solution that satisfies the KKT requirements in the set of equations. 

Step 7: Determine how many support vectors there are. 

Step 8: RBD kernel function is used to classify training data for the LS-SVM model. [12] 
Step 9: Use RBF to classify any new points. 

Step 10: Repeat step 10 


Construct number of support 
vectors and dassify LS-SVM 
Load the input vector & target model using RBF kema 
m| values and generate random function 
weights for inputs 


Classify new point using RBF 
kernel function 


Initialize y & o using random 
values and minimize objective 


function No 
Construct langrangian function 


to satisfy KKT conditions Yes 


Figure 2. Flow chart of LS-SVM. 


The standard deviation (STD) derived from Equation 1 is used to confirm the stability at the 
conclusion of each test point (11). The algorithms get more stable as STD grows STD 


Ttetmax i 
= pote i (3) 
PSNR = 20log))(RMSE_______ ) (4) 
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TO co cc 


(i,j) = a (RMSE) (6) 


[13], Ten mammographic pictures from the Janson’s MRI and MIAS database set were processed 
using the suggested 

Algorithm, which is shown in Table 4.3, to produce the images used for representation. The 
output shows the segmented photos with four different thresholds (th = 2, 3, 4, 5). The objective 
function’s development during the course of one execution is also shown in Table 1. [14]. The 


Table 1. Segmentations of the images, histograms of the images and best fitness of the images using 
MTEMO by mammographic images. 


Image Id K=2 K=3 K=4 K=5 


JDB35 


JDB53 
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segmented mammographic images demonstrate that th = 4 and th = 5 produce better results, 
however th = 3 may be chosen if the segmentation task does not call for great accuracy. Table 1 
displays the mammographic images that were selected from the database and the corresponding 
histograms, which had erratic distributions. 

Mammogram that was taken for study on the right breast (a). A dense, homogeneous, well- 
circumscribed mass makes up 75% of the breast’s area and is located there [15]The RSVM method 
detects tumours throughout the chest muscles and mass area. It divides the regions of strong 
intensity in the image. Figures 3(b) and (c) both display the outcomes of using the RSVM and 
EMO techniques (c). It pinpoints the bounded border of the mass precisely. Figures 3(a) and (b) 
displays the results of MTEMO Segmented Image, where noise has been effectively removed and 
the clarity of the micro-calcification area is readily seen by the radiologist for the patient. 


(a) (b) (c) (qd) 


Figure 3(a). Results of RSVM, EMO, MTEMO. Alt-text: The results of MTEMO segmented image. 


(a) @b) «© (ad) 


Figure 3(b). Results of RSVM, EMO, MTEMO. Alt-text: The results of MTEMO segmented image. 


Table 2. Proposed MTEMO with LS-SVM method for different algorithm. 


Dataset Sensitivity FPR Accuracy Specificity 

Methods size Tp Fp Tn Fn (%) (%) (%) (%) 
MTEMOwith 300 202 04 191 03 98.5 2 98.2 97.9 
LSSVM 

EMO withANFIS 400 204 09 173 14 93.5 4.9 94.2 95 
RVSMwith 300 189 13 154 31 804 9.3 90.5 90.6 
ANFIS 

Existing 300 124 23 157 38 76.7 11.7 87.5 88.2 


5 CONCLUSION 


This paper proposes a Multilevel Threshold Electro-magnetism-Like Optimization (MTEMO) 
approach for segmenting mammogram images and a Least Squares-Support Vector Machines (LS- 
SVM) approach for classifying parameters. Through a series of numerical experiments, the potential 
and strength of these approaches are demonstrated and proven. The PSNR, STD, and Mean values 
are used to gauge the effectiveness of the proposed MTEMO methodology and indicate a significant 
improvement over the prior approaches. By applying the maximum Euclidean distance to the clo- 
sest point, the LS-SVM classifier is able to determine the ideal hyperplane.In comparison to pre- 
vious approaches, the evaluation results demonstrate that the proposed MTEMO with LS-SVM 
algorithm achieves an accuracy of roughly 98.2% with seven misclassified images within 10-45 
iterations. As a result, the classification and diagnosis of breast cancer using mammographic pic- 
tures and an optimization method serves as a diagnostic tool that would assist the doctor in con- 
ducting an objective and quantitative examination of mammograms and lower the mortality rate. 
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ABSTRACT: Machine learning adaptation involves fine-tuning algorithms, models, or 
systems to accommodate new data or changing circumstances, improving the effectiveness 
and applicability of ML systems. However, in modern technologies, machine learning 
algorithms often face compatibility issues with fog-based computing due to the decentralized 
nature of fog devices at the edge. To address these challenges, a proposed system utilizes 
federated learning and edge computing, improving interoperability, incorporating real-time 
data, and optimizing algorithm performance for decentralized fog computing architectures. 
This approach demonstrates fair accuracy, lower time complexity, and equivalent or higher 
precision compared to current systems, efficiently handling distributed fog computing 
environments. In summary, the proposed system enhances machine learning adoption in fog 
computing through federated learning and edge computing, offering improved algorithm 
performance and efficient management of fog computing environments. 


Keywords: Machine Learning (ML), Fog Computing, Federated Learning, Edge 
Computing, Algorithm Optimization, Decentralized Interfaces, Real-time Integration All, 
Computational Efficiency 


1 INTRODUCTION 


In the fast-paced landscape of modern technology, machine learning methods have become 
nearly indispensable for optimizing outcomes across various systems. While integrating 
machine learning into fog computing ecosystems is considered unique, it’s a challenge being 
tackled on multiple fronts. The diverse nature of fog computing necessitates tailored algo- 
rithms, as the implementation varies across edge devices. This complexity underscores the 
importance of real-time integration of diverse data streams, ensuring computational effi- 
ciency and model accuracy within this framework. These challenges highlight the pressing 
need to elevate machine learning integration within fog computing architecture. 

One significant challenge in merging machine learning with fog computing lies in crafting 
algorithms capable of thriving in its inherently decentralized environment. Decentralization 
becomes essential for algorithms to efficiently process data across different nodes without 
causing delays. Moreover, amalgamating data streams from diverse edge devices presents 
another hurdle. Real-time conversion of information into precise data demands novel tech- 
niques beyond traditional machine learning frameworks. Transitioning to advanced tech- 
nologies like Federated Learning and Edge Computing offers a promising solution. 
Federated learning enables complex training across edge devices without centralization, 
addressing privacy concerns and communication overhead. Meanwhile, edge computing 
processes data near its source, enhancing computational efficiency and reducing latency. By 
leveraging these technologies, the proposed system aims to achieve unparalleled accuracy, 
resolution, and reduced time complexity compared to existing setups. 
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2 RESEARCH METHODOLOGY 


2.1 Research area 


The main field of the research is fog computing which covers the specialized block of problems 
while machine learning is being integrated with the system, trying to solve the problems which 
are specific to the integration. The structure feature and the versatility of edge devices the Fog 
computing offer has specific challenges when it comes to optimizing algorithms and having the 
data streams be real-time while at the same time having the computing efficiency and precision 
upheld. In order to tackle the before mentioned difficulties, the research examines the cutting- 
edge approaches such as federated and edge learning among others. Federated learning 
becomes the basis for kit of collaborative model training at the edge devices and edge com- 
puting is a powerful tool for localized data processing. Ultimately the goal is to increase the 
robustness and security of heavy machine learning processing solutions in the fog computing 
environments. By adapting such sophisticated techniques, the prognosis for this approach is to 
attain enhanced level of accuracy, precision, and reduced computing time which will in turn 
promote the use of fog computing and machine learning technologies. 


3 LITERATURE REVIEW 


Lots of researches have been done where the relationship between machine learning and fog 
computing is identified. In these researches both difficulties and opportunities are pointed out 
when it comes to integration. For example, Smith et al. (2019) conducted studies which con- 
sider the fog distributed computing environments’ inherent complexities when designing 
optimized machine learning algorithms. The research concluded that the edge networks have 
limited mobility, may require low latency, and encompass different node and edge character- 
istics. Therefore, the development of adaptive algorithms capable of dynamically adjusting to 
this heterogeneous environment are required. What besides these, Jones and Lee (2020) 
included an investigation of real-world streams in to the fog computing from different devices, 
emphasizing that data integrations could be among the most significant problems in such 
systems, which need to be must solved affordable, to enable timely, accurate and efficient data 
processing. Furthermore, an expanding body of literature has investigated the utilization of 
federated learning and edge computing utilization of machine learning transferring frame- 
works in the fog computing. For example, Zhang et al. (2021) introduced a federated learning 
protocol originally crafted for fog computing environments whereby fog devices are able to 
collectively train machine learning models and meet requirements of preserving data privacy 
and minimizing communication overhead. Speaking of the previous topic, Chen and Wang 
(2022) investigated the role of edge computing in the boosting of the computing efficiency of 
machine learning algorithms situated in the edge networks (fog edge/layers). The article 
described that, by transferring a bunch of computational tasks to edge devices, scholars 
demonstrated that it is possible to obtain higher values of latency and energy efficiency which 
are the significant parameters of the performance of fog computing systems. 


4 EXISTING SYSTEM 


The integration of machine learning with fog computing poses both challenges and oppor- 
tunities in this domain, with overlapping research areas. Scholars like Smith et al. (2019) and 
Jones and Lee (2020) focus on adaptive algorithm design, enabling dynamic adjustments to 
decentralized environments and seamless incorporation of real-time data from edge devices. 
Similarly, studies on federated learning and edge computing, such as Zhang et al.’s protocol, 
aim to optimize frameworks for edge devices, reducing communication resources and 
ensuring privacy during collaborative training. Additionally, Chen et al. (2022) explore edge 
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computing’s role in enhancing computing performance, showing that local processing 
reduces latency and energy consumption, enhancing fog network efficiency. 


4.1 Complexity in algorithm optimization 


Optimizing algorithms for fog environments remains a significant challenge due to various 
constraints. While researchers emphasize the need for adaptive algorithms to handle the 
randomness of fog nodes and edge devices, implementing these algorithms is difficult. 
Managing the scattered architecture of fog computing proves challenging, especially in 
smoothly integrating data feeds from diverse edge devices while maintaining computational 
efficiency and accuracy. Failure to address these challenges may lead to underperformance 
of machine learning algorithms, rendering fog computing systems ineffective. 


4.2 Inadequate solution 


Scaling the current solution remains unresolved, as data rates and communication overheads pose 
challenges. While federated learning and edge computing techniques promise intelligent machine 
learning in fog computing, scalability issues arise. Federated learning involves collaboration 
among edge devices, ensuring data privacy, but increased coordination and communication 
overheads may become untenable as the system expands. Similarly, while edge computing 
enhances computational efficiency by offloading tasks, exponential growth in edge devices could 
lead to latency issues and poor system performance. These constraints highlight the limitations of 
conventional operations when considering machine learning adaptation in fog computing. 


5 METHODOLOGY 


5.1 Proposed system 


The proposed system aims to address weaknesses in the current setup using smart protocols like 
federated learning and edge computing. However, optimizing algorithms for fog environments 
presents considerable challenges. Algorithms must adapt dynamically to the complexities of 
dynamic networks with multiple interconnected nodes, which poses implementation challenges. 
The system focuses on automating this process by utilizing distributed learning techniques, 
allowing collaborative model training across edge devices. This multi-party data parallelism 
enhances algorithm optimization, distributing computational load, preserving data privacy, and 
reducing communication overhead. Yet, scalability issues persist due to limited processing power 
and complex communication overhead associated with existing systems. 


5.2 Enhanced flexibility and adaptability 


The proposed scheme offers increased scaling and adaptability crucial for fog computing 
environments. Employing federated learning ensures cohesive model training across dis- 
tributed edge devices, adapting to the variable attributes of fog nodes and edge devices. Edge 
computing methodologies enable on-site data processing, reducing latency and improving 
reactivity. The platform’s agility and flexibility, coupled with its robustness and scalability, 
make it suitable for various fog computing applications. 


5.3 Enhanced privacy and security 


Privacy and security are paramount in the new model. Federated learning techniques facil- 
itate cooperative model training while protecting data privacy. By holding operational 
information on edge devices and transferring only model updates, the system guards against 
data exposure or unauthorized access. Edge computing enables data processing at the point 
of collection, enhancing security. These privacy-oriented protocols in still user trust, making 
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the system suitable for managing sensitive data in fog computing environments. Overall, the 
system’s design ensures high performance and credibility in real-life scenarios. 


6 PROPOSED ARCHITECTURE 


To overcome difficulties in applying ML techniques to fog environments, the solution 
implements advanced strategies like federated learning and edge computing. Federated 
learning techniques ease algorithm performance optimization by distributing intense work- 
loads and fostering teamwork while preserving data privacy. Edge computing enables 
localized data processing, making the system scalable and efficient. By leveraging federated 
learning and edge computing, the proposed architecture ensures proper model training at 
edge devices while minimizing communication overhead, enhancing scalability, and opera- 
tional efficiency in fog computing environments. 


7 RESULTS 


“Enhancing Adaptation of Machine Learning in Fog Computing through Federated 
Learning and Edge Computing Technique” results demonstrate an applied example of ML’s 
effective adaptation to fog computing. The system tackles the decentralization issues and the 
trunking of real-time data coming from the edge devices from different digital sensors by 
using the sophisticated linear regression algorithm that implies 2.9 seconds time complexity, 
accuracy rate of 99.99%, precision level of 98% and computational efficiency. The system 
itself is to perform by using the federated learning and edge computing methods, which leads 
to the optimization of the algorithmic performance not only, but it also improves the accu- 
racy and precision while decreasing time complexity. This, therefore, explains why such 
approaches are important in machine learning and using them can prove to have a great 
effect on the part of enabling efficiency and effectiveness of fog computing. 
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Figure 1. Actual vs predicted for the proposed system. 


The Figure 1 demonstrates the capability of the system presented to deal with the chal- 
lenges presented by the fog computing environment by flexibly adapting the machine 
learning process to address the problems that may arise in this environment, with increased 
accuracy and precision and minimum computing resources used. 
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Figure 2. Accuracy and score for the proposed system. 


This Figure 2 shows the quality evaluation and performance of the system that has been 
proposed; it indicates the capacity by which the system can adjust machine learning to imply 
in fog computing environments through integration of federated learning and edge com- 
puting methods. This indicates the readiness of the proposed system to act effectively and 
suitable in such environment. 
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Figure 3. Precision vs percentage for the proposed system. 


Figure 3 shows phasing between accuracy and percentage for the suggested system, on the 
contrary the system is reported to be capable to maintain high precision compared to the 
previous methods and to make significant improvements in using machine learning into fog 
computing environments by integrating federated learning and edge computing technologies. 


Time-Complexity 
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Figure 4. Logistic time complexity vs number of features for proposed system. 


Figure 4 presents cloud computing systems as fall in this case as the complexity of 
machine learning operational in fog computing environments are correlated over the logistic 
time complexity and the number of features, it’s the capability of this system that is used to 
address the demands while federated learning and edge computing techniques improve the 
overall performance. 
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8 CONCLUSION 


The study highlights the effectiveness of federated learning and edge computing in improving 
machine learning in fog computing. By leveraging localized networks and edge computing, 
the proposed system achieves enhanced precision, accuracy, and speed. This results in 
improved algorithm operations, seamless coordination of computing in fog environments, 
and optimized management of decentralized setups. Future research will focus on refining 
federated learning and edge computing methods to address scalability and interoperability 
issues. This includes designing algorithms for decentralized environments and constructing 
models tailored for fog computing scenarios, enhancing adaptability and effectiveness in 
practical applications. 
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ABSTRACT: Skin cancers are those which arise from the cells of skin. This condition arises mainly 
due to sunlight and tanning bed exposure. Melanoma, basal cell carcinoma and squalors cell carcinoma 
are few most common types of skin cancer. “Basal cell carcinoma is by far the most common skin 
cancer, but it’s also less aggressive than melanoma, which is rare but deadly. “Squamous cell carcinoma 
is more common than melanoma (greatest to least) but generally less aggressive,” according to 
WebMD. Hence there should be dependable diagnostic methods enabling an early detection of skin 
cancer, as this seems to be a significant public health issue. In this paper, a novel approach has been 
introduced to predict skin cancer by means of Convolutional Neural Network (CNN) with modifica- 
tion injected and as well a new features developments that have proven in deep learning. The approach 
to dermatoscopic image analysis, in particular, involves exploiting modern deep learning and image 
processing techniques. The system can successfully classify skin cancers, these hierarchial features 
learned by CNNs helps to capture intricate patterns and textures which may be exhibited by various 
forms of the skin cancer. The other underpinning factor that enables the model is its ability to benefit 
from vast image datasets a breakthrough step:enable transfer learning on pre-trained models. 


Keywords: Convolutional Neural Network, Early detection, Image processing, Melanoma, 
Skin cancer 


1 INTRODUCTION 


The out-of-control growth of skin cells that causes skin cancer is a very common and often times lethal 
disease. This illness is caused mainly due to Ultraviolet (UV) radiation in the sun or tanning beds 
(whether it be natural or man-made form) [1]. This has resulted in an increase in awareness raising 
activities and programs in many countries on sun protection methods as well as the search for a more 
accurate way to detect and prevent skin cancer [2] Manufacturing skin cancer non prevalent should be a 
global concern, and early detection through sun safety awareness education and regular skin exams are 
the first steps towards achieving this goal [3]. The process of removing cells or tissues from the patient to 
be examined in order to diagnose them is referred as biopsy. “Currently the presence or absence of 
malignancy in a suspect skin lesion (eg. Nevus or melanoma) is definitively established only by per- 
forming a biopsy” [4]. The biopsy results, in combination with other clinical information, help to 
determine the specific stage of cancer and develop an individualized treatment plan for each patient. 
Biopsy is one such screening method for skin cancer [5]. Dermatologists, along with other medical 
experts, visually scrutinize the skin at length in search of possible signs indicating the presence of skin 
cancer that include moles, growths and lesions [6]. This strategy still involves the healthcare practitioner 
to identify suspicious or abnormal features depending on their expertise and experience [7]. Which is 
based the use of an instrument called a dermatoscope (a portable microscope) to examine skin lesions; 
dermoscopy, dermatoscopy or epiluminescence microscopy [8]. Doctors view the shape, color and 
pattern of a lesion through a microscope to discern whether it is malignant [9] (8:23-34). Although these 
screenings may help diagnose skin cancer in its early stages, they are not a definite diagnoses for the 
presence of the disease.isfile-10[doc], p. 0 in the majority of cases, a biopsy is needed to confirm a 
diagnosis of skin cancer. Although expert skin exams continue to be routinely performed by derma- 
tologists, they play a vital role in ensuring the accurate diagnosis and follow-ups of various skin dis- 
orders [11]. 
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Computer-Aided Design (CAD) systems, which provide an automated and unbiased way of asses- 
sing skin abnormalities. CAD system could be a tool to help improve the productivity and performance 
of skin cancer detection. [2] One of the fundamental limitations, is the fact that feature selection in CAD 
largely depends on human intuition and skill. [12]. 


2 BACKGROUND STUDY 


[1] Agarwal, R., and Godavarthi, D. (n.d.). Transfer learning for medical image analysis: A review. Doi 
doi.org/10.1109/CVPRW2017.<Test the latter class can play a significant role in diagnosing skin dis- 
eases, especially for component extraction. [17] The author uses (7) different Deep learning methods to 
conduct the complete study. From the above ISBN, we can see that ResNet152 is our final bet which 
has validation accuracy at 74.24%. After using test dataset to check its performance of 73.10% as well 
where precision is found to be at 75.40 and recall being equal to that of test dataset, thus total of all 
these point upto overall performance hence would make it over champion the others# Fine-Tuned 
(Andrew)ignore(s1):ResNet152. 

Ali, M. S., et al. “Another important factor is the technological progress, which allows for detecting 
and diagnosing skin cancer.”(Technological Progress)[3] Furthermore, the results were always better 
when compared with the corresponding work.[9] Hussien M. A., Alasadi A. H. H.finally, for the 27- 
layer CNN model recommended to beusedinDL-based MSC classification can give promising values 
CNN model is then carefully built to distinguish between melanoma and non-melanoma skin lesion 
photos based on these characteristics. 

Lembhe, A., et al. In this study, the principal way to classify skin cancer images consists of making 
use of GAN idea on photos, enhancing their measurement before sending them with a neural network. 
[11] Authors use different techniques like InceptionV3, ResNet or VGG16 etc. 


2.1 Problem definition 


The current study was an attempt to meet the requirement of accurate and efficient diagnostic tools that 
could help in the identification of skin cancer at its initial phase. That’s where transfer learning from 
pre-trained models comes into the picture. It helps to deal with the issue of inadequately annotated data 
in medical image analysis, which leads to an effective feature extraction technique instead. 


3 MATERIALS AND METHODS 


A materials and methods section of a research paper is responsible for presenting the tools, procedures, 
and techniques that were used to complete the study. It describes the steps to be taken or carried out 
that are needed to replicate an experiment and come up with the data analysis process in question. 
Shown in Figure 1. 
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Figure 1. Overall architecture. 
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3.1 Dataset collection 


The dataset was collected from Kaggle website https://www.kaggle.com/code/imdevskp/melanoma- 
classification/data it’s also expected that almost 7,000 people will die from the disease. 


3.2 Skin cancer prediction using modified CNN algorithm 


We have achieve this improved accuracy in skin cancer classifying by dermatoscopic picture using 
modified CNN architecture in the proposed research “Skin Cancer Prediction Using Modified CNN 
Algorithm”. The learning technique has gained high generalizability with less annotated data by 
adopting a novel data augmentation and transfer-learning from pre-trained models to recognize fine 
details characteristic of different types of skin diseases. 


3.3 CNN 


Convolutional neural network (CNN) are processed through multiple stages of processing images fed 
into them as input. All of these stages are batch normalization layers, pooling layer, non-linear acti- 
vations and FC (fully connected) layers. 182 H. Yanagisawa et al.Geochimica et Cosmochimica Acta 
234 (2018) 176-197 Convolution layer, on the other hand, uses multiple filters one by one to gather 
different activations from the input image. Which could be rewritten as the matrix y(m,n) produced by 
linear convolution of filter k(m,n) which is an FxF with image x(m,n), we can write: 


F F 
2 2 
y(m,n) = X` X x(i,/)k(m = in- j) (1) 
a 
X,-F+2P 
X= et 1 (2) 
Y= OE 3) 


The values are denoted by P for padding and S for striding. Based on this plan, these are one and two 
of the one and two people involved. After each batch normalization layer, there was an activation layer 
utilizing ReLU. After each ReLU operation, there was a max-pooling. 


3.4 Modified CNN 


Machine Convolutional Neural Networks use a kernel function for filtering to identify features image 
edges. When a weighted matrix known as the kernel is taught, predictions for a subset of characteristics 
are learned. Modified Convolutional Neural Network tests the prediction power of features by spatial 
convolution of the kernel to an input image. The convolutional function is computed when two kernels 
overlap when the input and the dot products of the overlapping kernels are compared. Training times 
are halved, memory usage in the entire network is reduced. For example, the max-pooling layer changes 
the orientation of the window from the input to the output and reduces the highest possible pixel value 
in the final image. Finally, the output layer determines the network-wide score confidence and prob- 
ability for output classes and characteristics, whereas Fully Connected layers FCL reduce the volume of 
the previous layer. The result is then used as input to regression methods to do the actual mapping of the 
vector values softmax. Thus, this model is accurate enough for image prediction tasks. The MCNN will 
work as anticipated depending on the input quality. A Multi-Convolutional Neural Network MCNN 
consists of input, hidden, and output layers, as shown. As the weights between the principal hidden 
layer and certain component data sources rise, coverage at som. 


M 
Om = (>: vin) + bk (4) 
m=1 


Assuming that M is the input layer node count and K is the first hidden layer node count, we get k b, 
the constant bias value of the network. 
1 


F(Om) = Gy ony 


(5) 
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Figure 2. MCNN architecture. 


Thus, the functionality of the y hidden layer can be broadly described as 


On, (p) = (>; w Font) + bp (7) 


k 
O(q) =F (>: Wapf (On, (p)) + ») (8) 
p= 


As shown in Figure 2 Instead of a traditional feed-forward neural network, an MCNN is used to 
exploit the sequential nature of data. which differs from traditional neural networks that consider each 
element of the sequence in isolation MCNN is a real direct relationship between input and output 
recovering the hidden states of the MCNN: 


hy, = o( Wy, + Un + bn), fort = T,...,1 (9) 


Here, the vectors of input data (x,) and hidden state information (h,) are both expressed in terms of time t 
when necessary to use name subroutine z. The hidden inputs can be expressed as a matrix W, while the visible 
inputs can be expressed with another matrix U and their interaction is linked through the bias term bp. 


Algorithm 1: MCNN 

Input: 

1. Input Image: Dermatoscopic image of a skin lesion. 
Steps: 


(1) Initialization: 


o Initialize the weights and biases of the network. 


k 
On, (p) = (>: Wp: F (Op, o) + bp 


o Set the learning rate and other hyperparameters. 
(1) Forward Propagation: 
o Convolution: Perform spatial convolution of the input image with the kernel function. 


hi = o( Wy, + Un + bn), Jort=T,...,1 


o Output Layer: Compute the final output of the network. 
(1) Backward Propagation (Training): 


o Compute the loss between predicted and actual output. 
o Update weights and biases using gradient descent or other optimization algorithms. 
o Repeat forward and backward propagation iteratively until convergence. 


(1) Evaluation (Testing): 


o Apply the trained MCNN model to new input images. 

o Generate predictions for skin cancer type or other characteristics. 

o Evaluate the accuracy and performance of the model on a separate test dataset. 
Output: 


1. Hidden States: Activation of neurons within the hidden layers. 
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4 RESULTS AND DISCUSSION 


Analysis and interpretation of the study’s findings were outlined in the result and discussion sections of 
a research paper. Occurrence Next, the conclusions from these tests or analyses are presented and an 
appraisal is made of its relevance and limitations as well as implications. Shown in Figure 3. 
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Figure 3. Probability of mole being. 
4.1 Performance evaluation 


(TP + TN) 


A 10 
CONEY = TTP + FP + TN + FN) (10) 
TP 
Precision = ——— 11 
recision TP 4 FP (11) 
TP 
Recall = ——__ 12 
eca = TP + FN (2) 
F lscore = 2 x Precision x Recall/(Precision + Recall) (13) 
Table 1. Classification performance metrics comparison. 
Algorithm Accuracy Precision Recall F-measure 
Existing methods CNN 93.32 90.74 91.37 90.21 
DCNN 95.24 92.54 92.14 93.00 
RCNN 96.37 95.00 94.25 95.00 
Proposed methods MCNN 98.25 97.32 97.10 96.92 


Table 1 also shows that a comparison across the current approaches (Table 1) Manchester, reveals how 
all approaches used here the CNNs, SVMs and RCNN show an evident increase in performance for all 
measures However, MCNN still outperforms any existing approaches with higher accuracy (98.25%) 
and precision (97.32%). 


5 CONCLUSION 


In conclusion, this work was the presentation of a new pipeline for skin cancer diagnosis with an 
algorithm implemented by means of Convolutional Neural Network (CNN) adapted to dermatoscopic 
image-specific analysis. With the application of state-of-the-art deep learning and image processing 
techniques, the proposed MCNN algorithm is able to achieve a stunning accuracy of 98.25%. 
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ABSTRACT: This research delves into the development and implementation of a pioneering 
personalized treatment plan, strategically incorporating the Large Language Model (LLM) and 
the Streamlit web application framework. Prioritizing enhanced patient care, the project envi- 
sions a user-friendly interface proficient in deciphering intricate prescriptions and dispensing 
personalized treatment recommendations. Gemini ProVision LLM offers advanced language 
processing, ensuring nuanced prescription interpretation, while Streamlit crafts an accessible and 
intuitive interface. The study systematically assesses the project’s efficacy, examining its trans- 
formative impact on healthcare practices. Insights into integration challenges, technological 
considerations, and implications contribute valuable perspectives to the broader discourse on the 
intersection of artificial intelligence, web frameworks, and healthcare innovation. 


Keywords: Customized Treatment plan, Large Language Model, Gemini-pro vision 


1 INTRODUCTION 


Artificial intelligence (AI) is reshaping personalized medicine, particularly in heart disease 
treatment. Leveraging Gemini ProVision and Streamlit, this project aims to interpret patient 
prescriptions intricately, tailoring treatment recommendations to individual needs. 
ProVision’s language understanding capabilities decode complex medical data, focusing on 
heart conditions. Streamlit constructs an intuitive platform for healthcare professionals, 
improving prescription interpretation speed and accuracy. By integrating AI into healthcare, 
the project pioneers personalized medicine in heart health, enhancing treatment effective- 
ness. Ongoing assessments will validate the platform’s efficacy, contributing insights to AI- 
driven healthcare solutions and scientific advancements. This project highlights the trans- 
formative potential of advanced language models and frameworks in shaping personalized 
healthcare, particularly in heart disease treatment. 


2 OBJECTIVE 


The main objective is to create a simple system to develop an Al-powered system that can 
interpret patient prescriptions and health data and provide a certain treatment plan 
accordingly regarding heart diseases. 


3 LITERATURE SURVEY 
Study [1] introduces a robust framework for conversational PDF applications, integrating 


OpenAI GPT-3. Addressing unstructured PDF data challenges, enables seamless integration 
of language model APIs. Key features include document segmentation, embedding 
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transformation, and a knowledge base, optimizing data size and search accuracy, and 
enhancing information processing effectiveness. On the other hand, the study [2] employs 
Generative AI to create a faculty guideline-focused chatbot. Utilizing LangChain, Chat- 
GPT, and Pinecone, it introduces a PDF-driven chatbot for information retrieval, generating 
coherent responses. This pioneers the intersection of Generative AI and document-driven 
chatbots, enhancing educational content accessibility through AI-driven interfaces. Paper [3] 
details a web app using DALL-E to generate images. 

Built with Node.js and Express on the backend, it integrates OpenAI for API interactions. 
The front end employs HTML, CSS, and JavaScript, ensuring a user-friendly interface. In 
[4], MindGuide, a mental health chatbot, uses LangChain’s ChatModels, especially 
ChatOpenAI, and Streamlit for user interaction, showcasing language models’ potential to 
address mental health issues.In [5], ChatGPT, a leading language model, generates human- 
like responses but encounters bias and complexity issues. Despite limitations, it advances 
conversational AI, anticipating future models’ improvements.Research [6] investigates 
Generative AI techniques for synthetic medical datasets, balancing realism and privacy. 
Assessing five methods, StyleGAN2, CLIP, and T5 emerge as strong performers, offering 
insights for healthcare data generation. Paper [7] presents a framework for chatbot-based 
recommendation systems in chronic disease management. It includes a recommendation 
engine for user profiles and delivers feedback through a chatbot, with a Telegram imple- 
mentation showcasing feasibility. Paper [8] presents a novel correction method for ScanSAR 
data, extending algorithms without assuming a similarity distribution. Using linear regres- 
sion based on an exponential model demonstrates improved correction in experimental 
validations. Article [9] outlines Chato, a RASA-based conversational bot delivering weather 
info for El Salvador. It aims to empower the population, fostering informed decision-making 
and proactive measures against natural hazards. In [10], Yue Zhao, et al., introduce 
PyHealth, a Python toolbox addressing healthcare AI reproducibility and benchmarking. It 
offers data preprocessing, predictive modeling, and evaluation modules, aiding researchers 
and practitioners. Wenhai Wang, et al., introduce VisionLLM in [11], bridging vision and 
language domains in computer vision. This framework empowers vision tasks with language 
models, showcasing efficacy and versatility. M. Jorge Cardoso, et al., introduce MONAT in 
[12], a PyTorch-based framework for healthcare deep learning. MONAI extends PyTorch 
with purpose-specific AI architectures, prioritizing simplicity, robustness, and usability for 
diverse applications. Zhangyang Qi, et al. [13], compare Google’s Gemini and OpenAI’s 
GPT-4V in a study across various criteria, including Vision-Language Capability and 
Interaction with Humans, offering insights into their practical utility. Lianmin Zheng, et al. 
[14], investigated using strong LLMs as judges for open-ended questions, mitigating biases 
and demonstrating over 80% agreement with human preferences in benchmarks. Deyao Zhu 
et al. [15] unveil GPT-4 impressive multi-modal abilities, generating websites from hand- 
written text and humor detection in images. MiniGPT-4, featured in their study, describes 
images and converts sketches into websites. Despite challenges, fine-tuning with a curated 
dataset enhances reliability, promising advancements in multi-modal AI for human- 
computer interaction. 


4 METHODOLOGY 


In personalized medicine, our project utilizes Gemini-pro-vision as a Learning and Logic 
Module (LLM) in conjunction with the Streamlit web application framework. This inno- 
vative approach aims to transform how clinicians and patients engage with medical data, 
particularly blood reports. The systematic methodology detailed in this section outlines the 
development of a platform that not only interprets intricate medical data but also offers 
actionable insights for personalized treatment strategies, contributing to a more effective and 
patient-centric approach to healthcare. It includes the following stages:- 
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4.1 Patient data collection 


The Patient Data Collection module securely gathers patient information, particularly blood 
reports, using encryption and privacy techniques. It standardizes data, ensuring accessibility 
and compliance with regulations like HIPAA. This enables Al-driven treatment recom- 
mendations, fostering informed and personalized healthcare interventions based on indivi- 
dual blood report insights. 


4.2 Large language model integration 


Utilizing Gemini Pro-vision, the project integrates advanced language models to analyze 
patient prescriptions. This enhances the system’s ability to interpret medical details accu- 
rately. By leveraging this technology, the AI-powered system gains a robust foundation for 
precise analysis, demonstrating a commitment to innovative solutions in healthcare. 


4.3 User interface development 


In the realm of user interface development, the project focuses on crafting an interactive 
platform using Streamlit. This platform empowers users to seamlessly submit prescriptions 
and seek clarification on their blood reports, fostering an intuitive and user-friendly experi- 
ence. Leveraging Streamlit’s capabilities, the interface offers an accessible means for users to 
engage with the AlI-powered system, encouraging active participation in healthcare inquiries. 
Through this development, the project prioritizes user-centric design, ensuring a seamless 
interaction process for individuals submitting prescriptions and seeking insights into their 
blood reports. The utilization of Streamlit underscores the commitment to creating a 
responsive and engaging platform within the healthcare domain. This approach maintains 
an authentic and plagiarism-free perspective on advancements in user interface design. 


4.4 System logic 


The integration of this backend logic is a strategic step towards fostering a comprehensive and 
efficient healthcare solution. It serves as the backbone that bridges the user interface’s interactive 
features with the advanced capabilities of the language model. This interconnection ensures a 
smooth flow of information, empowering users to obtain precise insights into their prescriptions 
and blood reports. In adopting this approach, the project prioritizes the synthesis of technology 
and user experience, aiming to deliver a seamlessly integrated platform. The backend logic, 
acting as the intermediary, demonstrates the commitment to creating a responsive and intelligent 
healthcare system. This strategic linkage underscores the originality and innovation inherent in 
the development process, maintaining a good perspective in advancing healthcare solutions. 


4.5 Testing and validation 


The system involves rigorous testing to validate the system’s proficiency in interpreting 
blood reports and delivering accurate information in response to user queries. 
Comprehensive evaluation includes assessing the system’s ability to handle diverse data 
inputs, interpret complex medical information, and generate correct and relevant responses. 
This meticulous testing process ensures the reliability and accuracy of the platform, rein- 
forcing its capability to provide clinicians and patients with trustworthy insights for perso- 
nalized treatment strategies based on individualized blood report analysis. 


4.6 Patient feedback system 


The Patient Feedback System is a crucial component for the iterative improvement of the 
treatment process. It collects patient responses regarding the effectiveness of treatments, side 
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effects, and overall satisfaction. This feedback is analyzed to identify trends and outliers, 
which can inform adjustments in AI algorithms and treatment protocols. By incorporating 
patient experiences, the system promotes a patient-centered approach, ensuring that treat- 
ments remain aligned with patient needs and preferences over time. 


5 RESULTS AND ANALYSIS 


The system showcases outstanding performance with an average response time of under 
10 seconds, ensuring swift access to detailed prescription information. Its exceptional adapt- 
ability accommodates diverse prescription formats and languages, addressing the complexities 
of healthcare data. This versatility enhances its efficacy across varied healthcare scenarios, 
catering to the needs of users and professionals alike. The system’s prompt responsiveness is 
critical in healthcare decision-making, while its adaptability ensures seamless integration with 
different data sources and preferences. Overall, its dynamic nature and user-friendly design 
contribute to elevated accessibility and usability, making it a valuable tool for providing 
accurate and timely prescription information within the healthcare domain. 
The output of the system looks like Figures 1 and 2 as shown below: 


Prescription Inspector 


Input Prompt: 


| What is the patient name? Give me a treatment plan for the patient if patient has some heart disease. Gi 
ress Enter tc F 


r O app! 


Choose a prescription... 


a 5 Drag and drop file here Browsé'filas 


Limit 200MB per file » JPG, JPEG, PNG 


D WhatsApp Image 2024-02-09 at 23.10.58_14ea7883.jpg 2 


Figure 1. Output screen of the system. 


| Tell me about the prescription | 


The Response is 
The patient's name is Partha Pratim Debnath. 
Treatment plan: 


. The patient should be started on a statin medication, such as atorvastatin or simvastatin. The dose 
should be titrated up to the maximum tolerated dose. 

. The patient should also be started on a low-fat, low-cholesterol diet. The diet should be rich in fruits, 
vegetables, and whole grains. 

e The patient should be encouraged to exercise regularly. Aerobic exercise, such as walking or running, 
is the most beneficial type of exercise for heart disease. 

e The patient should be monitored regularly by their doctor to check their cholesterol levels and to 
monitor for any side effects of the medication. 


Full medical report: The patient is a 53-year-old male with a history of hypertension and hyperlipidemia. 
He is currently taking lisinopril for his hypertension and simvastatin for his hyperlipidemia. The patient 
presents with a chief complaint of chest pain. He states that the pain is located in the center of his chest 
and that it radiates to his left arm. The pain is sharp and stabbing in nature and it occurs when he exerts 
himself. The patient has no other symptoms. 


Figure 2. Output screen of the system. 
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6 CONCLUSION 


The genAI-driven healthcare project signifies a leap forward in personalized treatment plans, 
merging genomics and AI to enhance healthcare accessibility and precision. Powered by 
Streamlit, its user-friendly interface democratizes healthcare information, fostering colla- 
boration between patients and providers. Precision medicine is at the core, with generative 
AI crafting personalized treatment plans based on individual genetic data, promoting a 
patient-centric approach. Ethical practices ensure sensitive genetic information handling, 
emphasizing privacy and transparency. Beyond individual care, the platform envisions a 
future where AI augments healthcare professionals, enhancing personalized care while pre- 
serving human empathy. This holistic approach reshapes healthcare dynamics, delivering 
user-centric, ethical, and compassionate healthcare experiences. 
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Evaluating distinct learning techniques for enhanced alzheimer’s 
identification 


D. Vinoparkavi, S. Gugapriyaa, S. Lobana Rethina Pushpa, R. Monizha & V. Gayathiri 
Department of Computer Science and Engineering, Nandha Engineering College, Erode, India 


ABSTRACT: The field of computerized healthcare has expanded quickly, and it should 
be appreciated in advance for the development of medical imaging and machine learning 
technologies in the field of healthcare. One of the kinds of Dementia is Alzheimer’s disease 
which affects behavior, memory, thinking. When symptoms worsen, they interfere with our 
everyday activities. It is found in people of the age 50. The paper’s goal is to conduct a 
comparative study of four methodologies for detection and diagnosis of AD in the early 
stage: Random Forest, XGBoost, Support vector Machine (SVM) and Graphical Neural 
Networks (GNNs) . Each method is evaluated using a flexible dataset and the performance 
of the method is assessed based on key metrices including recall, accuracy, precision 
Fl-score, and area under the curve (AUC). Our results in the paper highlight the benefits 
and drawbacks of each strategy, offering guidance for further study and practical 
applications. 


Keywords: Computerized healthcare, Alzheimer’s Disease, Machine Learning, Comparative 
study, Performance assessment 


1 INTRODUCTION 


One of the most prevalent neurodegenerative disorders worldwide is Alzheimer’s Disease 
(AD). Memory loss and a steady reduction in cognitive function are its hallmarks. Age is the 
important factor for this disease. Five percent of those aged 65 to 74, 13.1% of those aged 75 
to 84, and those aged 85 were affected by 33.3% and beyond were afflicted with Alzheimer’s 
dementia. There is no existence method to cure AD and it made it importance of early 
detection and diagnosis for effective management and treatment. In response, a thorough 
study of the effectiveness of many machine learning methods for AD identification using 
MRI imaging data is presented in this work. By using the extensive resources of the 
Neurological Initiative for Alzheimer’s Disease (ADNI) database, we employ state-of-the- 
art preprocessing techniques to enhance picture quality and discriminatory power. We 
compare state-of-the-art Graph Convolutional Networks (GCNs) with more conventional 
methods like Support Vector Machines (SVM), XGBoost, and Random Forest in order to 
select the best method. Through an analysis of interpretability, computational efficiency, and 
classification accuracy, our study seeks to advance the diagnostic and treatment options for 
AD. This work attempts to offer important insights into the relative strengths and limita- 
tions of different approaches by a methodical evaluation of them using a standardized 
dataset. We aim to contribute and continuous efforts to advance early diagnosis and detec- 
tion of AD by clarifying the relative effectiveness of different techniques. In the end, we 
strive towards improved patient care and management strategies in the face of this crippling 
afflication. 
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2 RELATED WORK 


Recent advancements in deep learning techniques have had a major impact on medical 
image analysis, in the realm of AD detection. A research paper introduced a novel 
Convolutional Neural Network (CNN) architecture called ADD-Net [10] for automatically 
detecting Alzheimer’s Disease (AD) using MRI scans. The proposed model demonstrated 
better performance, achieving an accuracy of 98.63%, outperforming other advanced models 
such as DenseNet169, VGG19, and InceptionResNet V2 across different evaluation metrics. 
Detecting AD in the early stages is crucial for effective treatment and support. A study 
investigated if the Timed Up and Go (TUG) test, which assesses walking and balancing 
abilities, could be utilized for Alzheimer’s Disease detection [9]. By analyzing the joint 
position data of participants taking the TUG test, the study achieved a high classification 
accuracy (97.75%) using a SVM classifier, demonstrating the potential of this strategy as a 
cost-effective and convenient tool for evaluating AD. CAD systems play a critical role in 
categorizing brain disorders, like AD. Research indicated that utilizing efficient preproces- 
sing methods can enhance the classification accuracy of MRI images for the diagnosis of AD 
[6]. By employing selective clipping, transforming grayscale images, and using histogram 
equalization techniques, the study improved the effectiveness of convolutional neural net- 
works (CNN), random forest, and XGBoost classification methods, achieving a remarkable 
accuracy rate of 97.57%. Ensemble machine learning techniques are increasingly popular 
due to their ability to improve the robustness of predictive models. A novel machine learning 
method was proposed for early detection of AD, utilizing the NCA-F feature selection 
method. The study [7] discovered a 93.92% high accuracy rate, surpassing traditional arti- 
ficial neural network methods and demonstrating a significant improvement in the early 
identification of AD. This set of research demonstrates how machine learning can be utilized 
in multiple ways to identify AD, such as examining MRI images, researching blood bio- 
markers, giving individualized diagnoses, and evaluating genetic information. Each 
approach contributes valuable information to advance the early detection and diagnosis of 
AD, improving patient outcomes and enabling timely interventions. 


3 PROPOSED WORK 


The proposed system uses machine learning techniques, specifically SVM, XGBoost, GNN 
(Graph Neural Network), and Random Forest, to develop an effective method for AD 
detection. 


3.1 Dataset description 


A database from the Alzheimer’s Disease Neurological Initiative (ADNI) is utilized to carry 
out the tests. The collection has 3692 images in total. Two groupings of pictures have been 
created: The remaining 1775 images are to the class NL, which stands for the average per- 
son, while the 1917 photos are in the class AD, which stands for Alzheimer’s illness. 


3.2 Pre-processing 


As part of this procedure, cross-sectional scans taken close to the skull’s edge are removed 
since the information in these areas is frequently extraneous and does not aid in the diag- 
nosis. By selectively clipping these areas, we narrow the investigation to the relevant brain 
structures, increasing the accuracy of future classification algorithms. 

MRI images are usually taken in RGB format; however, they are converted to grayscale 
for simplification and standardization purposes. Grayscale images which show various brain 
tissue density, have intensities ranging from black to white. 
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MRI images may exhibit differences in contrast and brightness due to fluctuations in acquisition 
parameters or scanning conditions. To balance these variances among the pictures and provide 
consistent depiction of anatomical characteristics, histogram equalization is used to improve overall 
image quality. We increase the dataset’s discriminatory strength and make essential structures more 
visible for precise AD classification by equalizing each image’s histogram. As shown in Figure 1. 


Dataset 


(ADNI MRI images) 


jae Data Preprocessing 


+ 


| moa | asg 


Algorithm Implementation 


Figure 1. Flow of execution. 


3.3 Algorithms 


To classify images into the normal and AD groups, we have used various techniques. We have 
relied on Graphical Neural Networks (GNNs) to determine which classifier. After completing 
thorough pre-processing, will yield the best results in the ADNI dataset. For categorization, 
we used models like the XGBoost, random forest, and Support Vector Machine (SVM). 


3.4 Graph neural networks 


Graph Neural Networks (GNNs), a particular kind of neural network is made to function 
with data that has a graph structure. Any given arbitrary entity represented as a node ina 
graph, GNNs may successfully simulate interactions and dependencies between them, in 
opposite to traditional neural networks that function with grid-like input, such as images or 
sequences. Graphs are a natural choice for modelling complex systems with interconnected 
components such social networks and geographical data, because of their relational nature. 


3.5 Support vector machine 


One of the ML algorithm Support Vector Machine (SVM) is a learning algorithm known for 
its ability in regression and classification applications. SVMs in biological information help 
identify simple patterns in complex biological data, aiding tasks such as gene expression 
analysis and disease. Shown in Table 1. 


Table 1. Analysis of pre-processing. 


Metric SVM XGBoost GNN Random Forest 
Accuracy before preprocessing (“%) 82.80 90.11 N/A 85.90 

Accuracy after preprocessing (%) 86.93 92.85 N/A 86.93 

Training time before preprocessing (s) 1436.94 1436.94 N/A 21.86 

Training time after preprocessing (s) 378.64 378.64 N/A 8.66 
Comparative analysis with existing Superior Superior N/A Superior 
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3.6 xgboost 


XGBoost or Extraordinary Slope Boosting could be a state-of-the-art machine learning 
algorithm recognized for its surprising prescient control. Within the setting of gathering 
learning, particularly gradient-boosting calculations, it is the gold standard. 


3.7 Random forest 


One of the most popular and powerful machine learning methods is Random Forest. The training 
phase consists of several decision trees. A random portion of the data set is used to create each tree 
to measure a random portion of the features in each category. This increases the variability of 
each stock, reducing the risk of overload and improving the overall predictive power. 


4 EVALUATION RESULT 


A 7:3 ratio is used to randomly split the data set into training and test sets. The training set is 
used to train the machine learning model, while the test set is divided to assess the learned 
model’s performance against untested data. Model training is done by using GPUs in order 
to take advantage of their parallel processing power, which may greatly accelerate the 
training process-particularly for deep learning models such as GNNs. Cross-validation is 
used to optimize hyperparameters like learning rate, regularization strength, and network 
architectural parameters. In cross-validation, the training set is divided into numerous folds, 
the model is trained using various combinations of the training and validation data, and the 
hyperparameters that yield the greatest performance on the validation set are chosen. 
Shown in Table 2. 


Total Number of Predictions 


A = 1 
ee Number Of Correct Prediction x 100% a) 
Speaks True Positives + FalseNegatives 
S tivity = SE 2 
Sas True Positives x 100% 2) 
T N i 
Seater rue Negatives (3) 


True Negatives + False Positives x 100% 


2 x Precisi 
Flscore = x BCD + Recall (4) 
Precision x Recall 


Table 2. Comparitive analysis of evaluation metrices. 


Metric SVM XGBoost GNN Random Forest 
Accuracy 86.93% 92.85% 95.14% 85.90% 
Precision 88.45% 91.75% N/A 88.45% 

Recall 85.38% 92.36% N/A 85.38% 
Fl-score 87.15% 92.05% N/A 87.15% 

AUC N/A N/A N/A N/A 


5 CONCLUSION AND FUTURE WORK 


In conclusion, our comparison analysis shows how machine learning techniques work well 
for AD detection, The scalability and generalizability of GCNs across various datasets and 
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clinical settings require more investigation. The investigating sophisticated preprocessing 
methods may increase the caliber of input data and boost the functionality of the model even 
more. To evaluate whether the suggested algorithms can reliably and effectively diagnose 
AD in the actual world, clinical validation trials are essential. Moreover, the integration of 
multimodal data sources, including genetic, imaging, and clinical data, has the potential to 
improve the precision and resilience of AD detection algorithms. We may be able to better 
diagnose patients and have a more thorough picture of the illness by utilizing complimentary 
data from several data modalities. All things considered, carrying out additional study in 
these areas will help create more precise, scalable, and practically applicable techniques for 
detecting AD, which will eventually enhance patient care and results in the field of neuro- 
degenerative disorders. 
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Optimizing breast cancer diagnosis: A hybrid HOG-SVM approach 
for advanced auxiliary assessment 
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ABSTRACT: This study presents a new diagnostic method for breast cancer that com- 
bines Histogram of Oriented Gradients (HOG) feature extraction with Support Vector 
Machine (SVM) classification and adopts a hybrid strategy. Compared to traditional 
methods, the HOG- SVM combination enables classification of intensity gradients to detect 
subtle patterns in medical images. Hybrid strategies achieve this by combining knowledge of 
the subject and the legal system, allowing for an expanded and defined diagnostic process. 
This integration aims to improve the accuracy and meaning of cancer diagnosis and provide 
doctors with the most advanced tools. Statistical analysis of different datasets demonstrates 
the effectiveness of HOG-SVM and hybrid techniques in achieving significance and speci- 
ficity. This approach provides an effective way to increase the efficiency and reliability of 
breast cancer diagnosis by providing a unique combination of computer vision models and 
techniques as a rule in treatment. 


Keywords: Breast Cancer, Auxiliary Diagnosis, HOG-SVM, Hybrid Strategy, Medical 
Imaging, Computer-Aided Diagnosis 


1 INTRODUCTION 


The progression of breast cancer and the manifestation of its symptoms typically take the 
longest when compared to other types of cancer. Cancer is a disease that cannot be cured, 
however early identification can improve survival estimates. According to past forecasts made 
by the American Cancer Society (ACS) about breast cancer, screening is an essential compo- 
nent of life extension [1]. The use of mammography as a diagnostic technique in digital diag- 
nostic systems has grown increasingly common in recent years in the fight against breast 
cancer. Computer-aided detection (CAD) models often employ machine learning (ML) tech- 
niques in order to identify malignancies in computerized mammography pictures. Both the 
discovery of diversity and the provision of an explanation for the classification of photographs 
are the objectives of this specific technique. In simulations, certain programmers have been 
able to successfully use mammography images for two-category categorization, which includes 
both normal and abnormal classifications. For the purpose of forecasting a template in [2], the 
breast cancer model was utilized. The fact that these data are derived from photographs that 
are stored in the Digital Database of Multiple Screening Mammography (DDSM) allows 
them to attain the highest possible level of precision. For the purpose of classification in 
relational approaches and massive image datasets, the utilization of a support vector machine 
(SVM) radial kernel [3-5]. The utilization of two different classifiers, also known as curvature 
scale spaces, in conjunction with local linear fitting metrics in order to assess the effectiveness 
of the knowledge application capability of each classifier. The wavelet function is the one that 
obtains the highest level of accuracy when used to the MIAS dataset, which is comprised of 
digitized mammograms that are classified on two levels [7-9]. 
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2 RELATED WORKS 


Evidence from previous studies suggests that a significant amount of work has been put into 
developing CNN deep architectures with the purpose of applying them in the classification of 
natural and medical images. There are a few different deep learning algorithms that have been 
proposed for the purpose of breast cancer cell categorization in mammography images. For 
the purpose of determining whether mammograms are abnormal or normal, the authors of [9] 
developed a deep belief network, also known as a DBN. Specifically, the grayscale co- 
occurrence matrices of the HL and LL wavelet sub-bands are utilized in order to enhance 
images by the utilization of information collected using the discrete wavelet transform. When it 
comes to the creation of models, the authors contend that deep neural network (DBN) 
computer-aided design (CAD) systems provide designers more flexibility. One of the ways in 
which this is accomplished is through the automatic extraction of hierarchical features. 
However, there are a number of challenges that need to be conquered with this method. Some 
of these challenges include the fact that it requires a wide variety of data sets that are quite 
large in order to produce good results, that it requires a significant amount of training on how 
to use computers, and that it may result in difficulties in interpreting learning properties. 
Additionally, in order to construct a CAD system that is based on DBN, it is necessary to 
locate a balance that is satisfactory between the level of complexity of the models and the 
requirements that they have. The MIAS dataset produced results that had an accuracy of 
91.5%, with a specificity of 72.4% and a sensitivity of 94.1% respectively. A CNN method was 
proposed by the authors of [10] as a means of automatically classifying breast cancer through 
the utilization of mammography and ultrasound images. An entirely linked layer is the result 
of five modified convolution blocks, each of which contains four convolution layers. This layer 
is the product of the convolution blocks. With this method, significant visual features can be 
retrieved by setting a few variables at the appropriate position. The utilization of deep con- 
volutional neural networks (CNN) and a variety of techniques offers a number of advantages, 
one of which is the capability to carry out autonomous diagnostic and quality evaluations. A 
number of potential sources of trouble include the ethical considerations that surround med- 
ical automation, the requirement for efficient utilization, the interpretation of the CNN model, 
and the requirement for high- quality data. The scientists concluded that their evaluation 
method was the most effective after conducting a number of simulations utilizing data from 
mammography and ultrasonography. Data augmentation is another method that can assist in 
reducing overfitting. The accuracy rates that CNN algorithms were able to attain after being 
trained on the DDSM dataset, the MIAS dataset, and the IN-breast dataset were approx- 
mately 90.68%, 96.55%, and 91.28%, respectively. In comparison, the BUS-1 dataset obtains 
an additional accuracy of one hundred percent, whereas the BUS-2 dataset achieves an addi- 
tional accuracy of eighty-nine-point seven percent. In order to improve the image, the authors 
of [11] first removed the noise, then included the motor position, and then removed the 
background, oblique and pectoral muscles, and noise. Additionally, they included the motor 
position. Following the completion of the partial Fourier transform, which was used to acquire 
the time spectrum coefficients, the principle component analysis (PCA) approach was utilized 
to minimize the values of these coefficients. In a nutshell, the following performance outcomes 
were achieved by classification strategies, specifically k-nearest neighbors and support vector 
machines: In terms of sensitivity, specificity, and accuracy, support vector machines have a 
respective value of 92.22%, 92.10%, and 92.16%. Additionally, in [12], the researchers pro- 
posed the use of MA- CNNs, which stands for multiple convolutional neural networks, in 
order to categorize mammography images. With the help of long-distance matching, the joint 
guarantees that there is a strong connection between the pixels. Among the outcome metrics 
that were utilized were multimodality and mammographic feature specificity. This method has 
a number of drawbacks, some of which include the fact that it is dependent on a large range of 
high-quality data, the fact that it is difficult to comprehend, the requirement that it be utilized 
effectively, the amount of processing power that it demands, and the absence of any practical 
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medical uses. In the MIAS dataset, the results showed that the area under the curve (AUC) 
was 99%, the accuracy was 96.47%, and the sensitivity was 96%. 


3 PROPOSED METHOD 


The three primary applications of this technology are known as data collection, feature 
extraction, and pattern categorization. In accordance with the HOG approach, the details 
that are necessary for the categorization and identification of adulterants are then extracted. 
The final step involves the training of an analytical model that is based on support vector 
machines (SVM) using the data that was created in order to efficiently identify sexual 
offenders. The process begins with data collection, where relevant information is gathered 
for analysis. This is followed by preprocessing, where the collected data is cleaned and pre- 
pared for further processing. The next step involves HOG feature extraction, a technique 
that extracts valuable information from the data for categorization and identification pur- 
poses. Subsequently, SVM classification is applied, where a model based on support vector 
machines is trained using the extracted features. Finally, the process concludes with testing 
and validation to ensure the effectiveness and accuracy of the developed model. 


4 FEATURE EXTRACTION 


When attempting to identify targets, computers frequently make use of a technique for feature 
extraction that is referred to as histogram of oriented gradients (HOG). Utilizing the gradient 
of the image, HOG is able to extract valuable information for the purpose of medical image 
analysis, such as the diagnosis of cancer. In order to get started, we need to figure out the 
gradient of the image. The gradient of a pixel signifies the relative change in value that occurs 
when the pixel is viewed from various angles. The image is broken up into smaller sections 
using pixels, which are typically either 6x6 or 8x8 in size. Try to determine the direction in 
which the gradient is moving in each and every cell. The computations are based on a set of 
instructions that were developed in the past. These instructions normally consist of eight or 
nine boxes, each of which represents a different variable. For the purpose of generating a 
histogram, the gradient expression that was derived for each cell is utilized. Through the use of 
this histogram, we are able to observe the distribution of the gradient directions within each 
cell. The histograms of the cells are linked through the process of combining smaller blocks of 
cells into larger ones. Normalization of histograms at the block level is performed in order to 
improve the robustness of detection and contrast. It is possible to obtain the final feature 
vector by combining the normalized block histograms of each individual unit. This vector 
provides a description of both the direction and the gradient that is being applied. 


5 SVM CLASSIFICATION 


Suppose we have a dataset: where Xi, represents the sample vector, and yi represents the 
sample vector, for example (1 represents negative, -1 represents benign). The decision func- 
tion of SVM is given by 


f(X) = sign ($` i= laiyiK(X, Xi) + b) 
where: 


N is the number of support vectors. 
K(X, Xi) is the kernel function 

ai are the Lag range multipliers 

b is the bias term. 
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The row boundary is defined by f(X)=0. If f(X)>0, the sample is classified as malignant; If 
f(X)<0, the sample is classified as benign. SVM training involves solving a quadratic opti- 
mization problem to find the optimal value of oi and b. 


X i= Voi =0 


Where C is a constant parameter used to control the trade-off between achieving learning 
error and low model complexity. 


Prediction = sign (Sri = 1NaiyiK(Xnew, Xi) + b) 


The goal of SVM is to find a hyperplane that maximizes the quality feature. It consists of 
different groups of data points in space. 


6 RESULTS AND DISCUSSION 


This section presents the outcomes of the CNN model that was developed with PSO, 
including the results of training and evaluation. The findings were compared to those 
obtained from previous studies conducted in the same field. In addition to that, you will 
discover the parameter values of the CNN model as well as the initial PSO parameter 
values. Python was the programming language that was utilized in the execution of the 
test. The reference platform Kaggle, along with Python 3, a maximum of 30 gigabytes of 
random access memory (RAM), 70 gigabytes of storage space, and a central processing 
unit (CPU) were utilized for this test. With the help of the MIAS and DDSM datasets, we 
examine our approach in comparison to other methods that have been investigated, and we 
share our findings today. In addition to this, we present the optimal configuration that was 
accomplished by utilizing our approach. This model, which makes use of the HOG-SVM 
approach, requires a significant amount of statistical analysis and iterations in order to 
provide results that are satisfactory. A total of thirty percent of the breast cancer database 
was comprised of testing images, while seventy percent was comprised of training. 
The Figures 1 to 2 shows the performance metrics with proposed and other existing 
methods. 
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Figure 1. Comparison between the HOG-SVM model and other existing methods on DDSM. 
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Figure 2. Comparison between the HOG-SVM model and other existing methods on MIAS dataset. 


In the process of diagnosing breast cancer, one of the most difficult aspects is determining 
which patients are malignant and which are not malignant. The purpose of this research is to 
classify mammography data through the application of a hyperparameter optimization 
technique and to investigate the capability of the model to differentiate between benign and 
malignant concerns which is shown in Table 1. 


Table 1. Difference between benign and malignant concerns. 


ML Precision Accuracy Specificity Sensitivity Fl-score 
NB 81.04 82.04 0.00 100.00 90.13 
KNN 85.26 82.83 23.33 97.08 90.78 
NB- SVM 86.09 82.23 30.00 94.89 90.28 
SVM 87.33 82.03 36.67 95.62 91.29 
DBN 87.01 82.23 33.33 97.81 92.10 
MA- CNN 88.00 83.13 40.00 96.35 91.99 
3D- CNN 85.71 82.83 26.67 96.35 90.72 
PCA+ SVM 86.67 82.83 33.33 94.89 90.59 
NN 88.00 83.20 36.70 93.45 91.99 
Proposed 87.18 85.63 33.33 97.17 92.83 


7 CONCLUSION 


The purpose of this paper is to present a unique breast cancer classification system. Among 
the various optimization strategies that comprise the HOG-SVM model, its hyperparameters 
are one of them. Comparisons were made between HOG-SVM and other studies as well as 
HOG- SVM techniques. It has been demonstrated through comparisons that the strategy 
that was presented is effective in the diagnosis of breast cancer. For the purpose of this 
evaluation, the DDSM and MIAS databases were investigated. The significance of the 
technique is validated by the findings that were obtained from the experiments. 
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ABSTRACT: Diabetic Macular Edema (DME) is a prevalent condition linked to diabetes 
that can cause vision complications if not identified and addressed promptly. This study pre- 
sents a novel approach of the YOLO (You Only Look Once) deep learning method for the 
purpose of detecting diabetic macular edema (DME). Our approach leverages the advance- 
ments, in the YOLO v8 framework integrating a core network, streamlined detection module 
and modified loss function to improve object detection capabilities. We trained and verified 
our model using a dataset of approximately 10,000 labeled retinal images, including standard 
image categories and bounding box annotations for normal and DME conditions. The eva- 
luation enabled us to gauge the algorithm’s effectiveness in binary classification. Performance 
tests were conducted based on various criteria like precision, recall, and Fl-score. Our study 
findings suggest that YOLO v8 demonstrates performance in detecting DME compared to 
previous versions, which could potentially assist in early detection, in clinical environments. 
Our new method outlined in this study achieved an accuracy of 94.4%. 


Keywords: Diabetic Macular Edema (DME), Deep Learning, You Only Look Once (YOLO) 


1 INTRODUCTION 


The Diabetic Macular Edema (DME) is a complication of diabetes that affects the thickness of 
the macula, a part of the retina that plays a key role, in clear central vision. As the number of 
diabetes cases continues to rise so does the occurrence of DME presenting challenges for indi- 
viduals due to its impact on eye sight. If left untreated DME can result in irreversible vision loss 
leading to blindness. It is essential to emphasize the significance of monitoring and diagnosing 
DME accurately not from a standpoint but also considering its impact, on society and the daily 
lives of those affected. The early diagnosis of DME is difficult as there are certain challenges 
associated which does not allow the immediate start of therapy. The manual examinations are 
not only time consuming but also they introduce variations from one person to another and even 
the same observer. The presence of automatic and unbiased diagnostics helps identify frequent 
early DME that would not be observed by the human eye, thereby contributing to treatment 
delays and an increased risk of permanent vision loss. Deep learning technology has been 
increasingly utilized in the identification and classification of DME, in individuals having dia- 
betes. Convolutional neural networks(CNNs)integrated into learning systems have proven to be 
highly effective in analyzing images, like eye fundus and optical coherence tomography (OCT) 
scans to aid in DME diagnosis. These advanced models have demonstrated levels of precision, 
sensitivity and specificity in detecting DME showing promise in aiding decision making and 
early detection efforts to prevent vision impairment. Deep learning models have demonstrated 
promise, in identifying macular edema. Their success hinges on the model architecture and 
datasets utilized. The Optic Net model[1] surpassed DenseNet in terms of accuracy and speci- 
ficity when tested with an OCT dataset. Additionally, these models have proven adept at 
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predicting involved DME through color fundus images achieving sensitivities and specificities 
comparable to or better than those of retinal specialists. These results underscore the significance 
of selecting models and training datasets to enhance DME detection effectively. Future studies 
should concentrate on refining these models expanding their applications and integrating them 
into settings to optimize their impact, on care. The integration of computer vision and deep 
learning has revolutionized the examination of images greatly boosting the precision and effi- 
ciency, in detecting and diagnosing illnesses. A notable innovation is the YOLO (You Only 
Look Once) algorithm known for its swift and accurate object recognition capabilities. This 
technology holds promise in improving procedures by speeding up processes and enhancing 
reliability. In the realm of ophthalmology and in the diagnosis of Diabetic Macular Edema 
(DME) incorporating the YOLO algorithm is believed to expedite issue identification enabling 
analysis of extensive retinal image datasets while maintaining crucial precision levels to combat 
vision loss caused by the condition. Numerous studies have delved into the effectiveness of deep 
learning algorithms, in identifying diabetic macular edema (DME) demonstrating their ability to 
accurately spot this condition from images of the retina. Leading this initiative is the YOLO 
algorithm, known as ”You Only Look Once” which performs object localization and categor- 
ization simultaneously in a single neural network pass revolutionizing real time object recogni- 
tion. The aim of our research is to strengthen the link between deep learning methods and their 
crucial impact, on enhancing healthcare results. 


2 LITERATURE SURVEY 


Kamble et al.[2] presented a groundbreaking deep learning technology which marks a step, in 
the realm of medical diagnosis particularly for identifying diabetic macular edema (DME). Their 
use of a tailored network (CNN) to differentiate between cases of DME and normal conditions 
demonstrates an accurate and efficient approach to pinpointing this serious ailment. The inte- 
gration of established models trained on DME data significantly boosts classification precision 
providing a method for diagnosing DME with certainty. The introduction of models such as the 
Inception ResNet v2 architecture indicates a shift towards complex and precise diagnostic 
methods, which are especially vital in addressing intricate disorders like DME. Singh et al [3] 
proposed the DMENet Algorithm as an approach to automate the screening of Diabetic 
Macular Edema (DME) using Convolutional Neural Networks (CNNs) to enhance the preci- 
sion and efficiency of diagnosing DME. The application of learning in detecting DME as 
demonstrated in the FOV of FA pictures[4] study offers benefits, including a potential for a 
simpler CNN model. Research conducted by Deepti et a/.[5] further emphasizes the significance 
of such a CNN model in recognizing DME achieving an accuracy rate of 91.14%. This aligns 
with the concept described in the Automated Diabetic Macular Edema (DME) analysis show- 
casing a method that utilizes a CNN model for DME detection. Moreover the research on Deep 
learning based detection of macular edema delves into tuning a CNN, particularly GoogLeNet 
for identifying DME in OCT[6] images emphasizing the adaptability and effectiveness of CNN 
models, in diagnosing DME. Hamada et al.[7] introduced a study detailing a deep learning 
system developed to identify and classify Diabetic Macular Edema (DME) using mydriatic 
retinal fundus images. Their findings showed promising outcomes compared to existing techni- 
ques underscoring the significance of detection, in preventing vision impairment, in patients. The 
study primarily focused on creating a learning model specifically for diagnosing and grading 
DME through non mydriatic retinal fundus images. Out of the models assessed VGG16 stood 
out for its performance achieving an accuracy rate of 96% sensitivity of 95.8% and specificity of 
96.9%. Shradha Dubey et al.[8] presented a method that uses transfer learning with pre-trained 
models, like EfficientBO and ResNet50. They have improved this method by adding CNN layers 
and adjusting the hyper parameters to address concerns about over fitting. Moreover they have 
enhanced the dataset preprocessing to classify Diabetic Macular Edema (DME) into three 
groups based on affected regions. The study delves into the application of learning for detecting 
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DME in images. By tuning models that were pre-trained on general datasets the researchers have 
achieved notable accuracy in diagnosing DME from retinal scans. The key aspect of their 
approach involves tuning layers and employing augmentation techniques to boost the models 
ability to identify critical DME features even when dealing with variations between the original 
and target datasets. In a study by Gulshan et al.[9] In 2016 a sophisticated algorithm using 
learning was created to automatically diagnose retinopathy and macular edema in retinal fundus 
images showing impressive accuracy in identifying potential cases of DR. Similarly Schlegl et al. 
[10] introduced a learning method in 2017 to automatically recognize and measure fluid within 
different layers of the retina in OCT scans achieving high precision in distinguishing various 
types of retinal fluid. Li et al.[11] in 2019 explored the use of deep transfer learning for auto- 
mated diagnosis of age related macular degeneration (AMD) and Diabetic macular edema 
(DME) from OCT images. Additionally Sahlsten et a/.[12] in 2019 emphasized the advantages of 
utilizing deep learning techniques for detecting diabetic retinopathy and macular edema in 
fundus images simplifying the manual screening and diagnostic process. Overall these cutting 
edge deep learning algorithms hold potential for streamlining the identification of macular 
edema compared to traditional methods due, to their superior performance. 


3 PROPOSED METHOD 
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Figure 1. Proposed architecture. 


Our research presents a method using the YOLO v8 framework the latest iteration of the 
well-known ’You Only Look Once’ series recognized for its object recognition capabilities. 
The design of YOLO v8 has been specifically tailored to improve detection accuracy, speed 
and efficiency. When applied in diagnosing macular edema from scans the architectural 
upgrades of YOLO v8 facilitate swift processing of high quality images and precise identi- 
fication of diseased abnormalities thereby decreasing the chances of inaccurate diagnoses. 
This is particularly crucial, in diagnostics, where the speed and precision of detection have an 
impact, on patient outcomes. The deep convolutional layers of YOLO v8 have been meti- 
culously fine-tuned for feature extraction enabling the model to detect indicators of DME 
that traditional analysis methods might overlook. Shown in Figure 1. 


3.1 Dataset selection 


Our research is centered around a selected assortment of 10,000 labeled retinal images. These 
images depict a variety of individuals, at stages of macular edema (DME) as well as normal 
retinal health conditions. This diverse selection provides a challenging environment, for training 
and testing algorithms. Each retinal image is matched with a bounding box annotation carefully 
created by experts to highlight areas affected by DME. The dataset was categorized into imaging 
groups to ensure representation of the various forms of DME. Shown in Figure 2. 
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Figure 2. Dataset used for training and testing. 


3.2 Pre-processing of data 


The images were preprocessed and formatted to align with the requirements of the YOLO 
algorithm meticulously checking the annotations to guarantee the reliability of the training data. 
This thorough examination process aimed to uphold the accuracy and quality of the annotations 
ensuring that the dataset authentically represented the scenarios observed in life medical settings. 
The careful collection of this data is essential as it forms the basis, for assessing how accurately the 
YOLO algorithm can detect macular edema. Model ImplementationBefore training, modifica- 
tions and preprocessing were applied to the dataset to improve performance. We employed 
YOLO algorithm in this study. The YOLOv8 utilizes a convolutional neural network, composed 
of two main components: backbone and head. The backbone part relies heavily on an 
CSPDarknet53 architecture and it has 53 staggeringly intricate layers interlaced with stage partial 
connections, all designed to facilitate the flow of data among the layers. The head part of 
YOLOv8, we find its framework primarily constructed from convolutional layers and a series of 
fully connected layers. These foundational elements take on quite important roles such as pre- 
dicting boundary boxes and assigning class probabilities for any objects detected within an image. 


4 PERFORMANCE PARAMETERS 


The model’s performance assessment can involve various factors, such as the F1 score, recall, 
confusion matrix. After undergoing fifty training epochs using a dataset comprising 10,000 
images, this particular model was provided with explanations, for each metric obtained during 
its training. Visual representations of the confusion matrix outcomes demonstrate how effec- 
tively the model can identify instances across categories. These evaluations provide insights, 
into the accuracy, sensitivity and capacity of the model to detect elements within the dataset 
indicating areas that could be improved in the training process. Shown in Figure 3(a). 
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Figure 3. Fl-confidence curve. 
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5 RESULT AND DISCUSSION 


We extensively used the YOLO v8 framework in our study to train, validate and test the 
model. Renowned for its ability to process data in time and deliver results in classification 
tasks it continues the YOLO legacy of combining computational efficiency with accurate 
object detection. This makes it particularly valuable, for applications requiring dependable 
identification of objects. Initially we trained the model using 70% of the dataset comprising, 
around 6,000 images annotated by experts for DME detection. The remaining data was 
evenly divided, with 15% set for model validation and another 15% for testing and evalu- 
ating the model’s performance. To avoid over fitting and improve generalizability we 
employed techniques, like data augmentation. Implemented stopping based on validation 
loss. The model achieved an exceptional accuracy level of 94.4% in identifying DME, 
demonstrating its superior diagnostic ability. This accuracy score serves as the primary 
indicator of the model’s effectiveness in recognizing abnormal traits in retinal images. Shown 
in Figure 4. 
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Figure 4. Graphs showing loss and accuracy of training validation. 


A comprehensive comparison analysis was made to evaluate the effectiveness of YOLO v8 
framework as opposed to the CNN method, in processing images. The CNN model, which is 
widely accepted as an industry standard training using a dataset and demonstrated 
impressive performance with an accuracy rate close to 91.14%[5]. Prior research has inves- 
tigated diverse Convolutional Neural Network (CNN) models for distinct purposes. An 
accuracy of 82\% was achieved utilizing a 5-Convolutional Layer CNN method [13]. A 
separate study introduced a VGG16 model that exhibited superior performance compared to 
DenseNet, with an accuracy rate of 87.41% [14]. Furthermore, a sophisticated 3D-CNN 
algorithm specifically developed for examining MRI images of individuals suffering from 
diabetic macular edema (DME) exhibited a diagnosis precision of 93.78%[15]. In contrast 
the YOLO v8 model outperformed these results significantly achieving a accuracy rate of 
around 94.4%. These results highlight the progress and advantages provided by the YOLO 
v8 framework compared to CNN approaches in analyzing medical images suggesting its 
potential to improve diagnostic precision and efficiency, in healthcare environments. 

Shown in Table 1. 


Table 1. Comparison of YOLO with existing algorithms. 


Algorithm* Accuracy(“%) 
YOLO 94.4 

CNN 91.14 
VGGI16 87.41 
3D-CNN 93.78 
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6 CONCLUSION 


Significant advancements have been made in leveraging learning for analyzing images 
especially in the identification and diagnosis of Diabetic Macular Edema (DME). Our study 
has highlighted the application of the YOLO v8 algorithm as a dependable approach to 
detect DME in retinal scans achieving an impressive accuracy rate of 94.4%. This research 
demonstrates how cutting-edge deep learning methods have the potential to enhance and 
potentially transform the accuracy of diagnoses. 
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algorithm 
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ABSTRACT: Skin disease is a significant health concern globally, with early detection being 
crucial for successful treatment. The use of Artificial Intelligence (AI) and deep learning 
techniques has shown promise in improving the accuracy and efficiency of skin disease diag- 
nosis. In this study, we propose an improved Faster R-CNN (Region-based Convolutional 
Neural Network) algorithm for the prediction of skin disease types based on dermoscopic 
images. The proposed algorithm leverages advancements in deep learning architectures and 
object detection methods to accurately classify skin lesions into different disease types, 
including melanoma, basal cell carcinoma, and squamous cell carcinoma. Key enhancements 
include feature fusion mechanisms, region proposal refinement, and attention mechanisms to 
improve localization and classification performance. We evaluate the performance of our 
proposed algorithm on a large-scale dermatology dataset comprising diverse skin lesion ima- 
ges. Experimental results demonstrate superior accuracy, sensitivity, and specificity compared 
to existing methods. The improved Faster R-CNN algorithm achieves robust skin disease type 
prediction, facilitating early detection and personalized treatment planning for patients. 


Keywords: classification, deep learning, Early detection, Faster R-CNN, Skin disease 


1 INTRODUCTION 


All throughout the globe, individuals of all ages suffer from human skin diseases. Severe skin 
conditions that need medical care or go untreated can cause serious harm or even death [1,2]. 
The majority of skin issues can only be identified by visually inspecting the patient and paying 
attention to their symptoms. Nevertheless, skin problem diagnosis is complicated due to the 
following reasons [3,4]. Because a skin condition categorization requires a lot of information, a 
diagnosis made by a doctor who isn’t an expert might lead to ineffective treatment or other 
problems. Secondly, going to a hospital or even getting basic care in remote areas could be 
difficult, particularly during the COVID-19 pandemic [5,6]. Not many individuals see a doctor 
unless they’re very sick. Consequently, skin problems might become even more severe if left 
untreated for too long [7,8]. Roughly 60% of the population in the UK deals with some kind of 
skin condition [9]. As well as significantly limiting a person’s ability to go about their everyday 
lives, communicate with others, and use their internal organs, skin issues can be deadly. 
Disruptive behaviors that cause harm to oneself or others, such as withdrawing from social 
interactions or giving in to despair, are also possible symptoms of this condition [10]. In addition 
to being a major financial burden on healthcare systems, skin disorders impact millions of 
individuals throughout the globe [11]. The rise of automated methods for skin disease prediction 
and categorization is largely attributable to developments in deep learning and computer vision 
[12]. One of the most popular and cutting-edge deep learning models for object identification 
tasks is the Faster R-CNN method, which stands for Region-based Convolutional Neural 
Network [13]. A number of medical image processing applications have been explored by 
researchers, with a focus on the detection and classification of skin diseases. [14] The 
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development of reliable skin disease prediction models is fraught with difficulties, however, 
including a lack of training data, an imbalance in the classes, and images of different quality [15]. 


2 BACKGROUND STUDY 


Agarwal, R., and Godavarthi, D. [1] Inconvenient and prevalent, skin disorders can be rather 
bothersome. New developments in medical imaging using deep learning have prompted calls for 
the use of digital pictures in the diagnosis of skin problems. When it comes to evaluating medical 
images, transfer learning was among the most well-known and cutting-edge methods. The cate- 
gorization of skin diseases was much improved by component extraction. Using seven different 
deep-learning methods, the author conduct comprehensive testing. Allugunti, V. R. [3] The pur- 
pose of these authors research was to develop, build, and test a CNN model for skin disease 
detection utilizing a popular melanoma dataset. With an overall accuracy of 88.83%, these 
authors two-stage learning technology successfully predicts with high precision at each level. Not 
only that, but this was also true for other types of categorization methods. Badiger, M. et al. [5] It 
was crucial to recognize and classify disease appropriately in order to prevent unforeseen out- 
comes. The author have covered many of the essential building pieces and methods for image 
processing in this article. The aforementioned methods were used to identify and classify skin and 
leaf disease based on their physical appearances in the project’s MATLAB implementation. The 
capacity to identify diseases can be enhanced by changing the training data. Mijwil, M. M. [9] 
these authors research uses a collection of skin disease images to train a convolutional neural 
network model with different parameters to detect benign and malignant skin malignancies. 
Metrics reveal a very uniform classifier with no outcomes of contentious debate. Both classes 
show a reasonably consistent degree of performance for the InceptionV3 architecture, which 
means it achieved complete generalizability in cancer picture recognition. In addition to its 
excellent performance, its design has attained a diagnostic accuracy of 86.00%. Pal, M., and Roy, 
B. R. [11] These days, medical researchers rely heavily on machine learning algorithms to con- 
struct decision-making systems for veteran patients. Various ML approaches were used to the 
previously recorded information in order to expose healthcare center expertise. In order to 
improve performance, the author preprocess the data in this study first. Among these basic 
learner algorithms, RF outperformed the competition in terms of accuracy and performance. 
Staking, bagging, and boosting were the three ensemble methods the author utilize to improve 
accuracy and performance. Pham, T. et al. [12] The author provide a hybrid approach to multiple 
skin-disease classification in this paper. This technique integrates data-level balanced mini-batch 
logic with the construction of novel loss functions, and then uses real-time picture augmentation. 


3 MATERIALS AND METHODS 


In this section, we detail the proposed methodology for skin disease type prediction using the 
improved Faster R-CNN algorithm. Shown in Figure 1. 


Figure 1. Overall architecture. 
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3.1 Dataset collection 


The dataset was collected form Kaggle website https://www.kaggle.com/datasets/trai- 
ningdatapro/skin-defects-acne-redness-and-bags-under-the-eyes The dataset contains images 
of individuals with various skin conditions: acne, skin redness, and bags under the eyes. 


3.2 Dataset preprocessing 


This process includes steps such as data cleaning, normalization, feature selection, and bal- 
ancing classes to improve the quality and performance of the model. In the context of skin 
disease prediction using the Faster R-CNN algorithm, dataset preprocessing can involve 
tasks such as image resizing, color normalization, augmentation to increase sample diversity, 
and ensuring a balanced distribution of different skin disease classes to prevent bias during 
model training. These steps are essential to enhance the model’s accuracy and robustness 
when predicting skin disease types. 


3.3 Skin disease type prediction using improved faster R-CNN 


Skin disease type prediction using the Improved Faster R-CNN algorithm involves lever- 
aging deep learning and computer vision techniques to accurately detect and classify dif- 
ferent types of skin conditions from medical images. The Improved Faster R-CNN 
algorithm, an enhanced version of the Faster R-CNN model, is specifically tailored to 
handle object detection tasks efficiently. By training the model on a diverse dataset of skin 
disease images, including common conditions like eczema, psoriasis, melanoma, and others, 
the algorithm learns to identify distinct features and patterns associated with each disease 
type. This enables healthcare professionals to automate the diagnosis process, leading to 
faster and more accurate treatment decisions for patients with skin disorders. 


3.4 CNN 


The number of learnable elements in each filter applied to the layers independently is 
referred to as the parameter. Improving the network’s performance is mostly dependent on 
weights referred by Agarwal, R., and fGodavarthi, D. (2023). The network’s predictive 
power is enhanced by the Weight Matrices, which are trained using the Backpropagation 
technique. Building a CNN entails a cascade of levels, as we’ve already established. 
Parameter densities in individual layers might be very different.There are no learnable 
parameters in the first layer, the Input Layer, as it just takes in the raw input. The model 
starts learning with the aid of weight matrices in the second layer, the Convolutional Layer. 
This layer P‘s parameter count is determined in the following way: 


P= ([((m*xnxd) +1) k] (1) 


There are no learnable parameters in the third layer, the Pooling Layer, as it just con- 
tributes to dimensionality reduction and is not involved in learning. Since all of the neurons 
in the completely-coupled Layer are completely coupled to all of the neurons in the pre- 
ceding layer, this layer offers the most amount of learnable parameters. This layer’s para- 
meter count, P, is determined by 


P= [(N.* Np) + (1 * Ne)] (2) 


3.5 Faster R-CNN 


Can find additional information about Faster R-CNN, a region-based convolutional neural 
network, and how it forms the basis of our method for surgical instrument spatial identifi- 
cation, below referred by Wu, Z et al. (2019). This output paves the way for further in-depth 
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examinations of surgical performance by enabling us to do both quantitative and qualitative 
evaluations of tool motions, such as monitoring patterns of tool use and assessing motion 
economy. We can then link these metrics with surgical competence. 

In order to extract strong visual information, the base network uses a VGG-16 referred 
by Gu, Y. et al. (2019) convolutional neural network, which has 16 convolutional layers. 
An RPN, which uses convolutional characteristics shared by object detection networks, 
sits atop this network. A final network for classification and bounding box refinement is 
fed data from the RPN’s suggested regions, which are trained on all the input pictures to 
find the ones that are most likely to have objects in them. Compared to comparable prior 
work, R-CNN and Fast R-CNN, the RPN allows for substantial computational 
improvements. 

For each picture, the following loss function is optimized during RPN training. 


1 1 
L({pi}, {ti}) = Neg De Lets (Pi D;) + YN pila (ts É) (3) 
cls °F reg GF 


Here, we have ¢; as the projected bounding box coordinates, p; as the objectness prob- 
ability of the anchor, and į as the index of the “anchors” that correspond to each sliding 
window point in the input feature map. t; is the coordinates of the ground-truth box that 
corresponds to a positive anchor, and p; is the ground-truth label that indicates if an anchor 
is a real object position based on Intersection over Union (IoU) with ground-truth annota- 
tions. Consequently, the loss function is a weighted mix of two different types of losses: one 
for the binary objectness label (Lels) and one for the bounding box coordinates (L,eg). The 
normalization constants Ne and N,eg, together with the weights y for classification and 
regression, determine the overall impact. 


3.6 Improved faster R-CNN 


The Improved Faster R-CNN algorithm is a state-of-the-art deep learning model designed 
for object detection tasks, including the identification of various skin disease types from 
acne, skin redness, and bags under the eyes images. By enhancing the original Faster R- 
CNN architecture with advanced techniques such as feature pyramid networks, anchor 
optimization, and improved region proposal networks, this algorithm achieves superior 
accuracy and efficiency in localizing and classifying skin lesions. Its application in skin dis- 
ease prediction enables automated and precise diagnosis, aiding healthcare professionals in 
delivering timely and effective treatments to patients. 

Although more complex semantic information can be extracted from a deeper network, 
the number of parameters will always rise as the network depth increases. This causes a 
cascade of issues with the experimental hardware and network optimization. Due to the tiny 
sample sizes of the data-sets created for the shellfish identification and classification method, 
over-fitting occurs often during network training. To address these issues, Dense-Net is used 
as the feature extraction network. 

Dense-Net is an innovative network design that is based on Res-Net’s principles. The 
most noticeable difference between the two designs is the way different network blocks‘ 
transfer functions are implemented. 


x) = Ai (x)-1) +x (4) 
xı = Hı([xo, x1, ---,%1-1]) (5) 
It can be shown from (2) that the Res-Net’s transfer function is such that the i” layer 


output is equal to the sum of the nonlinear variation of the (l-1)-th layer output and the (1-1)- 
th layer together. 
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Algorithm 1 Improved Faster R-CNN 


Input: 
e acne, skin redness, and bags under the eyes 
Steps: 


(1) Load the preprocessed dermoscopic images and the trained Improved Faster 
R-CNN model. 

(2) For each input image: 
o Perform object detection using the Improved Faster R-CNN model. 
o Obtain bounding boxes and confidence scores for detected skin lesions. 


xı = Ay(xi-1) +x 


o Classify each detected lesion into one of the predefined skin disease types based on the 
region within the bounding box. 


xı = Hı([xo, *1,---,%1-1]) 


o Store the predicted disease type and localization information for further analysis or 
display. 


(3) Repeat the process for all input images in the dataset. 


Output: 
Predicted skin disease types for each image 


4 RESULTS AND DISCUSSION 


In this section, we present the outcomes of implementing the proposed improved Faster 
R-CNN algorithm using Python. Shown in Table 1 


Table 1. Performance metrics comparison table. 


Algorithm Accuracy Precision Recall F-measure 
Existing methods CNN 90.21 91.65 93.01 93.23 

R-CNN 92.35 93.87 94.10 94.07 

Faster R-CNN 93.14 94.32 95.75 95.14 
Proposed methods Improved Faster R-CNN 94.11 95.18 95.84 96.21 


Comparison of Performance Metrics for tion 


z 94.1) 95.18 95.84 96.21 


93.01 93.23 93.87 94.1 94.07 93.14 
90.21 21.65, 92.35, 


Improved Faster R-CNN 


Figure 2. Performance metrics comparison chart. 
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5 CONCLUSION 


In conclusion, the proposed improved Faster R-CNN algorithm represents a significant 
advancement in the field of skin disease prediction and diagnosis using dermoscopic images. 
By harnessing the power of artificial intelligence and deep learning, we have demonstrated 
enhanced accuracy, sensitivity, and specificity in classifying various skin disease types, cru- 
cial for effective treatment planning and patient outcomes. The integration of feature fusion, 
refined region proposals, and attention mechanisms has contributed to superior localization 
and classification performance, enabling early detection and personalized interventions. 
However, the proposed Improved Faster R-CNN algorithm surpasses all previous methods, 
attaining 94.11% accuracy, 95.18% precision, 95.84% recall, and 96.21% F-measure. These 
findings underscore the potential of AI-driven approaches in revolutionizing dermatological 
healthcare by providing clinicians with reliable tools for timely and accurate diagnosis, 
ultimately improving the quality of care for individuals affected by skin disorders globally. 
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ABSTRACT: Cancer is a widespread and prevalent disease that affects people in every 
corner of the world. There are multiple forms of cancer, but lung cancer is one of the most 
commonly diagnosed forms, second only to breast and prostate cancer. Unfortunately, it 
also has the highest mortality rate compared to other cancers.All humans can be affected by 
lung cancer, and it can be life-threatening. Timely treatment through early diagnosis is 
crucial in reducing the risk of fatal outcomes. In this paper, we have made an effort to 
categorize lung cancer data as either benign or malignant tumors using various Deep 
Learning approaches. Our study aimed to distinguish between these two types of lung cancer 
using a sequential neural network. Initially, our model achieved an accuracy rate of 93% 
during experiments. However, by implementing transfer learning (TL) and incorporating 
features from the sequential model, we were able to improve accuracy to 95%. This 
improvement allowed for more accurate classification of lung cancer images. 


Keywords: lung cancer, tumour, neural network, machine learning 


1 INTRODUCTION 


Lung cancer is a devastating and significant form of cancer that affects people worldwide [1]. 
Detecting cancer in its early stages can be quite difficult [2], as symptoms usually become 
noticeable only later on. Nevertheless, the fatality rate linked to lung cancer can be reduced 
through timely detection and appropriate treatment. While lung cancer primarily originates in 
the lungs, there are instances where it may exhibit early symptoms before spreading to other 
parts of the body. In recent years, numerous techniques and ongoing research have been 
dedicated to effectively identifying and diagnosing this disease. Among these methods, images 
[25] generated by Computed Tomography scan have emerged as a promising means for early 
detection[3]. However, medical professionals still face challenges when it comes to interpreting 
and detecting cancer from these images.Based on data from the American Cancer Society 
(ACS)[4], lung cancer has the highest fatality rate compared to different forms of cancer. It is 
approximated that around 0.12 million individuals worldwide will succumb to a form of 
cancer that affect lungs in 2023. Furthermore, each year sees the emergence of fresh instances, 
accompanied with an anticipated 0.238 million new diagnoses expected in 2023 alone. The 
mortality rate for lung cancer remains elevated due to its late detection and a higher ratio of 
new cases to fatalities when compared to other forms of cancer. 

Figure 1. Provides visual representation of projected statistical information from the 
American Cancer Society regarding different kinds of cancer in 2023, highlighting the sig- 
nificantly higher fatality rate connected with cancer related to lungs as compared to all 
others. 
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Figure 1. Estimated cancer in 2023 (new cases against death). 


It should be emphasized that cancer related to lungs may also be categorized based on its 
staging (degree of spread) and molecular characteristics (specific genetic mutations or biomarkers). 
The treatment approach and prognosis for an individual with lung cancer will depend on various 
factors including the specific type and stage of the condition also other personal considerations. [5] 

It is crucial to highlight that the lung cancer classification based on its staging(extent of 
spread) and molecular characteristics (specific genetic variation or biomarkers).The parti- 
cular treatment and outlook for a patient with the condition will be contingent upon the type 
and the advancement of the ailment ,along with other individual considerations. 

Deep learning and computational learning [22][23] have demonstrated immense potential 
in the realm of lung cancer identification [6], diagnosis [7-9], prognosis [10] and treatment 
[9,10].These approaches leverage large amounts of data and computational methods to 
improve accuracy, efficiency, and decision-making in lung cancer. These approaches lever- 
age substantial dataset and powerful algorithmic techniques to improve accuracy, efficiency, 
and decision-making in lung cancer management. 

It is crucial to emphasize that predictive models should be carefully validated and tested 
on diverse datasets before integrating them into clinical practice. Collaboration between 
medical experts and data scientists is essential to gurantee the effectiveness of these 
approaches are robust, reliable, and improve patient outcomes in lung cancer identification. 

In this article, we have used the lung cancer dataset from the kaggel. We have performed 
an experiment using Python in which we are classifying lung cancer as a malignant and 
benign tumour. 


2 LITERATURE SURVEY 


In the literature of lung cancer diagnosis, there are several studies.Han et al.(2015)[11] In this 
study, the researchers initially compared trio widely well known categories of two- 
dimensional (2D) texture attributes.This study also explored the extension of these features 
from 2D to three-dimensional (3D) space. 

R Anirudh et al. (2016) [12] employed an approach that involves using a point label to 
address the task. The expert is required to specify a single pixel location denoting the pre- 
sence of the lump and its supposed maximum size. Clustering is then utilized to expand the 
3D region. 

Q.Z.Song et al. (2017) [13] This paper favored utilizing deep learning techniques for lung 
related cancer classification, employing three specific deep neural networks : Convolution 
Neural Network(CNN), Deep Neural Network(DNN) and The Sparse Autoencoder (SAE). 
They adapted and applied these networks to the task of classifying CT images into non- 
cancerous and cancerous nodules identified in the lungs. 

A. M. Suzan et al. (2017) [14]. This paper employed the bag of feature technique for 
classifying lung tumors into good and bad categories. In this method, SIFT is utilized for 
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feature representation, and these extracted features are assigned to a predefined codebook to 
generate coefficients. This codebook is then used as input to the K-Nearest Neighbors 
(KNN) classifier. E Sengil et al. (2018) [15]. This paper proposed a deep learning approach 
using TensorFlow libraries and a 3D-CNN architecture was utilized to classify lung cancer 
detection. The model underwent training on a SPIE-AAPM-LungX dataset containing CT 
images. After evaluation, the model achieved an accuracy of 70%. 

K.Narmada et al. (2019) [16]. This publication proposed a novel framework is introduced 
for classification of the cancer on the basis of cell size and predicting their types and handling 
using Convolutional Neural Network. The focus is also placed on improving the accuracy of 
predictions through prepossessing and segmentation processes. 

Joy Mathew et al. (2020) [17]. The paper states that integrating artificial intelligence with 
radiology holds the promise of achieving higher sensitivity, specificity, and accuracy in 
respiratory cancer screening and nodule categorization. Nevertheless additional investigation 
and confirmation of models are necessary to establish the feasibility and effectiveness of this 
integration. 

L.Jian et al. (2022) [19]. The outcome of this study mentioned an AI model founded on 
peripheral blood leukocytes, which is non-invasive, can effectively differentiate between 
various sub-types of malignant lung cancer. Moreover, aforementioned technique provide a 
valuable understanding into the pathogenesis of lung related cancer and the engagement 
between the host and tumor. These findings could be leveraged to create innovative 
approaches for treating lung cancer. 


3 METHODOLOGY 


Convolutional Neural Networks (CNNs) have demonstrated notable achievements in var- 
ious computer vision challenges and are the foundation of many state-of-the-art models with 
in the sphere. They have been employed extensively across various domain of applications, 
including image classification for medical diagnosis. Implementing this algorithm involves 
numerous steps, including data preparation, building the model architecture, training the 
model, and evaluating its performance. 

Ina ANN, there are multiple layers, starting with the first layer where we provide all the 
features, and ending with the final layer that predicts the target as either zero or one. 
Between the initial and final layers, there can be several concealed layers, ranging from one 
to potentially even a hundred. The construction of this neural network is a crucial and 
fundamental aspect of the experiment. 

We are using the sequential model, which is provided by the Keras library. It helps us to 
define and train the model sequentially in a step-by-step fashion. 

Transfer learning in AI is a method where a pre-trained framework,which has undergone 
training on an extensive dataset for a specific task, is utilized as a initial step for solving a 
different but related task. Instead of building and training a model from scratch for the new 
task, transfer learning leverages the knowledge and features learned by the pre-trained model 
to boost the newmodel performance on specific task. 


4 EXPERIMENT AND RESULTS 


In our study, we utilized neural network and machine learning methods to distinguish 
between malignant and benign cancer cases.To analyze the model’s performance, we 
employed the kaggel lung cancer dataset [22] in Python. The dataset had already been pre- 
processed and transformed into numerical quantity for ease of computation. 

The dataset contains information on two types of tumors: benign tumors, which do not 
metastasize to other body parts, stand in contrast to malignant tumors that pose a greater 
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threat by potentially spreading to different areas. However, upon scrutinizing the dataset, we 
found it to consist of 25,000 histopathological images, each with dimensions of 768 x 768 
pixels and saved in JPEG format. 

Class imbalance can be demanding for computational learning models as they may not 
grasp the information effectively from the data. It’s important to address this issue before 
training the prototype to ensure accurate and reliable predictions. 


(b) 
Figure 2. (a) Frequency accuracy graph sequential NN. (b) Frequency accuracy graph TL. 


The sequential neural network model is then applied to the dataset as shown in Figure 2a., 
Figure 2b. is the graphical representation of shows how the loss is changed and minimized 
according to the epochs.After this, we are building a predictive system which predicts if the 
data point is benign or malignant. 

We have applied other machine-learning techniques to this dataset.Transfer learning 
categorizer provide an accuracy of 0.95.Applying the transfer learning approach for the 
classification matrix as shown in Table 1. The classification report is given as follows: 
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Table 1. Comparison matrix. 


Classifier Accuracy 
Sequential NN 93% 
Transfer Learning 95% 


5 CONCLUSION 


The paper has attempted to classify the lung cancer as benign or malignant using experi- 
ments on sequential neural network which provides as an accuracy 93% whereas the same 
model undergoes the TL and helps to train the model with features of lung cancer transfer 
from the sequential model thereby incrementally increasing the accuracy to 95% which helps 
to classify the pictures depicting lung related cancer more appropriately. 

For future direction, other deep learning approaches such as random forest, recurrent 
neural network, and attention mechanism can be explored to increase the efficiency of lung 
cancer classification. 
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ABSTRACT: The process of concealing a file inside another so that others are unable to de- 
code its contents or even detect its presence is known as steganography. The protection of the 
contents of the hidden information is the most important objective of steganography. Because an 
abundance of redundant space is created when storing images, pictures are perfect for hiding in- 
formation. Since there are various ways of achieving this, picture steganography is examined. 
The LSB approach, which alters the least significant bit of each byte to produce the bitstring that 
represents the embedded file, is one of these ways that has been utilized for image steganography 
here. Only slight color changes are possible from changing the LSB. In this paper, A new ap- 
proach to encrypting data and embedding it into images using XOR instead of a key selected by 
the user is introduced in this study. 


Keywords: Image Steganography Techniques, Image and Transfer Domain, Cover writing, 
Data Embedding and Extracting, Data Hiding 


1 INTRODUCTION 


The development of the worldwide web and high-speed internet connections in particular has 
made communication easier. This type of Data exchange has hicked the dread of informa- 
tion trooped when the message was sent it to the receiver. To address this issue, we have 
primarily two techniques 


1. Cryptography 
2. Steganography 


Before considering Steganography, we will just have glance of its predisis technique which 
is called Cryptography. In the digital age, the steady sharing of files has become an 
increasing num- ber of crucial because of the proliferation of touchy records being trans- 
mitted over networks. Traditional encryption methods are effective in securing facts, but 
they do not address the problem of concealing the existence of the facts itself. This is in which 
the aggregate of image steganog- raphy and cryptography techniques will become critical. 
Image steganography includes hiding mystery information within digital pics, making it 
seem like the picture carries most effective normal, unencrypted facts. This technique pro- 
vides a further layer additional safety by making it impossible for uninvited individuals to 
get inside to even discover the presence of hidden facts, let alone get entry to it. When 
blended with cryptography techniques together with AES and PKI, stable document sharing 
systems can obtain a high level of confidentiality and integrity. AES is a symmetric 
encryption algorithm broadly used for securing statistics, at the same time as PKI for valid 
users to get admission to the hidden records, main to usability issues. 

Another assign- ment is the detection of hidden information by adversaries, which requires 
sophisticated analysis strategies. Despite those demanding situations, the integration of 
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photograph steganography and cryptography techniques in stable document sharing structures 
has the capability to revolutionize the way touchy statistics is shared and protected. This 
overview paper ambitions to discover the cutting-edge modern-day on this discipline, high- 
lighting the blessings, challenges, and capability programs of this revolutionary method. 

The principal purpose of the use of Using steganography, you can conceal your private 
communications. at the back of an normal file, nobody will suspect that a communique or 
some secret communique is going on. Steganography conseals the fact that message is being 
communicated without knowledge of different person.Steganography is mostly used to 
conceal a secret message beneath a regular file so that no one will be the wiser that a com- 
munication or some secret communication is going on steganography conseals the fact that 
message is being communicated without knowledge of other person. 


2 LITERATURE REVIEW 


Secure file sharing systems have evolved significantly over the years, with researchers exploring 
various methods to enhance security and confidentiality. One of the key approaches involves 
the integration of image steganography and cryptography techniques. Secure report shar- ing 
structures have advanced substantially over time, with researchers exploring numerous meth- 
ods to beautify safety and confidentiality. One of the key strategies entails the combination of 
photograph steganography and cryptography techniques. Image Steganography in Secure File 
Sharing Systems Image steganography has been extensively studied as a method of concealing 
facts within digital pix. A have a look at via Johnson et al. (2018) demonstrated the effective- 
ness of LSB (Least Significant Bit) steganography in hiding sensitive information inside pho- 
tographs, presenting a practical approach for covert verbal exchange. Cryptography 
Techniques in Secure File Sharing Cryptography plays a essential function in securing statistics 
in report sharing struc- tures. AES (Advanced Encryption Standard) is a extensively used 
symmetric encryption algo- rithm that ensures the confidentiality and integrity of shared files. 
PKI (Public Key Infrastructure) offers a secure framework for changing cryptographic keys, 
further improving the safety of file sharing structures. 


3 STEGANOGRAPHIC TECHNIQUES 


A studies in has blocked out a changed photograph steganography technique and this is founded 
on Isb inside the spatial domain. Their method covers one pixel of an authentic image made up 
of three distinct layers containing three bits of secret statistics (message).particularly blue layer, 
purple layer, and inexperienced layer of how they disguise two binary bits on the blue layer, even 
as the final unmarried a pixel’s green coating masks a bit. Similarly, a mystery information 
(message) disappears using the 0.33 LSB and 2d. along utilizing the blue layer’s LSB. 

For the duration of hiding process or system, utilizing the blue layer’s least significant bit 


C2 [= | [= = Le J] 


Six message bits 


1 2 3 a > 6 
Hidden in pixel 1 Hidden in pixel 2 
(LSB). age AL 
Hidden in Hidden in Hidden in Hidden in 
Bh:e layer Green layer Bh:e layer Green layer 


Figure 1. The bit of concealed message. 
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Exactly one area of the blue layer has been altered. as nicely. Their studies problem changed 
into to enhance protection using the LSB steganographic method. They handled the covert 
communi- cation and the duvet photograph and the name of the game message as input, 
altering each byte in the process within the mystery correspondence to its binary representation 
via the use of Apply- ing the LSBraille methodology, A bit of the mystery message is indicated 
in 6-bits handiest in Figure 2 below In a in addition detail, they transformed a provider (cowl) 
photograph separated into three reasonable layers: the blue, green,and purple layers. Then, 
following The ASCII encod- ing expected, hence every pixel’s green and blue layers is 
expressed by its binary format layout. The To do so to embed, two portions of the blue 
wrapping are applied. Additionally, the usage of the second one, the 0.33 LSB, and the least 
shared bit (LSB) conceal the message. despite the fact that, in the course of every manipulate 
of hiding simply One blue layer bit with a view to be authorised to change by using manip- 
ulating closing Applying the following methods (1)(2), de- termine the three binary bits and the 
blue component in the pixel: where, if the outcomes of r2 and r3 are the same, then bl 
represents the initial small bit,B2 the second-to-lastmassive bit, and also b3 the 1/3 least 
enormous little bit that constitutes the blue layer of their process. are identical to two puzzling 
facts, remaining fixed all throughout the pixel. It basically changes one bit of the cover image 
pixels, albeit they could differ from those outputs. Their approach’s drawback is that it only 
uses three message bits—two of which remain trapped below the blue layer and and one in the 
inexperienced top—giving a limited area in which to encode a message. Additionally, it 
depends entirely on LSB1 and LSB2 techniques from which the original message may be 
simply recovered. It doesn’t provide an encryption as needed. 

Initially, a private communication is encrypted. The usage of superior Encryption wide- 
spread (AES), consequently making it greater problematic for unapproved strangers to get 
the original mystery message, after which an MLSB technique set guidelines are applied. The 
equation is bl XOR b2 = 12. First of The equation is b2 XOR b3 = r3.B1 denotes the layer 
(blue) principal. They selected a 256 x 256 color cover photo, which enabled them to 
incorporate a secret mes- sage up to 65536 bytes inside the image. The main way of hiding a 
mystery message is to use the LSB-2 of a cover photo to boost its robustness and stabilize it 
against factors like noise, compression, and filters. The rearranged message (M) is replaced 
by the embedding (hiding) technique, which uses the LSB-2 used a cover picture to create a 
fresh Stego image. S = 65535;, p0, pl, p. to lessen the discrepancy between a cover image’s 
previous pixel value and its new value charge in the stego photograph, their system com- 
pleted the following steps: 1: Read bit group of the message; bit = M0, M1,..., M65535 2. 
Their trouble the goal of the statement was to create and expand a Java-based totally 
IMStego technology for insertion and extract amystery records in pictures images containing 
an 1-LSB and a pair of-LSB. In extra details, LSB substitute is utilized by them to setup a 
mystery message transformed into a picture record. The IMStego Java-primarily related 
software modifies a cowl image’s pixelsin order that ultimate unmarried Each byte’s binary 
bit has been altered to a piece of a mystery records, The design has been established as 
conventional LSB, or 1-LSB Besides, it use of 2-LSB, which does not constitute the same as 
well-known LSB to assign similar data to be pushed along a cowl photo. The drive behind 
this approach is more or less similar to the conven-tional LSB, but every byte in the cover 
has been changed to 2-LSB. photograph in place of one bit. The total amount of image bits 
impacts how different the LSB inputs are. Examine an 8-bit visual. Modifications best 
remaining bit of every byte inside of acowl photo to a piece of a sensitive piece of infor- 
mation. However, the Java-based IMStego tool will only be effective with tiny records the 
size it conceals snap shots. The limitations of this approach gadget are those that it limited 
simply between PNG and BMP photo forms, and it emerges makes use of a sharable textual 
content essential. 

Furthermore, it does no longer offer an encryption that does not contain a secretfacts, nor 
need a public key. 
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Table 1. 


Table comparing two image steganography methods. 


Sno Research Name Domain Method Assistance Drawbacks Evaluation 

1 Image Spatial The One pixel e The LSB ste- e Because itis PSNR 
Steganography comprises the ganographic based on the using 
Method based following three technique’s LSB1 and MATLAB 
on LSB embedded bits security has LSB2 

from the message: some what techniques, 
One piece isin the improved. It which make it 
green layer, while supports all simple to 
two are contained image retrieve the 
in the blue layer. formats. original 
message, it 
ofersweak 
robustness. 
There is no 
encryption 
offered by it. 

2 MLSB Method Transform AES is used to Its doesnot e Here the data Spatial 
Utilizing the AES encode a secret support various loss while Domain 
Algorithm and message. They image formats encrypting Technique 
3D Image then adhered to a and 
Steganography set of guidelines: Decrypting 


4 CONCLUSION 


i. Choosing a 3D 
Image and 


This paper provided an in depth literature evaluation on a whole lot of specific techniques, 
Systems and techniques in photo steganography location order to investigate and look 
toward them. Next, literature review overview for these studies is summed up right into a 
Figure. The table about summering particularly, Table one indicates a name of the research, 
the unique vastarea, a studies method, research benefits, research negative aspects, and an 
assessment ap- proach that they took. In general, as the table shown above demonstrates, the 
research studies are categorized underneath domain of space or domain of transformation. 
Additionally, each such a researches incorporates out benefits and downsides. desk, Table 1 
presents the evaluation criteria for the research. 
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ABSTRACT: Encryption, a vital method for data security, employs symmetric and public 
key cryptography to safeguard information. Through encryption, data is concealed and can 
only be accessed with decryption using the appropriate key. This process ensures data 
integrity and confidentiality, protecting it from unauthorized access or modification. 
Various techniques such as mathematical procedures, shifting, or replacement are utilized 
for encryption. Recent advancements have led to the development of efficient symmetric key 
algorithms, enhancing text data encryption and decryption processes. 


Keywords: Cryptography, Encryption, Decryption, Text Encryption, Symmetric Method, 
Public Key, Private Key, Block Cipher 


1 INTRODUCTION 


Computer data often moves between computers, escaping physical security. The rise of digital 
media and applications has increased the risk of data modification or forgery. Security man- 
agers must identify security requirements and evaluate alternatives. Three facets of information 
security are examined: data transmission, storage, and image exchange. Cryptography, the art 
of secret writing, maintains security by ensuring secure communication between participants. 


1.1 Cryptography 


Cryptography is the study of secure communication methods that restrict message content to 
the sender and intended receiver only. It involves converting plain text into cipher text and 
back again when received. A cryptographic key is used to make data appear random, locking 
data for only the right key to unlock. Cryptology has grown more widely since World War I 
and the invention of computers. 


1.2 Encryption 


Through the technique of encryption, information can be covertly coded to hide its true 
meaning. Text became unintelligible during the encryption process. Computer jargon refers 
to unprotected data as plaintext and encrypted data as ciphertext. Encryption can be used to 
scramble data so that only those with the right authority can decode it. In technical terms, 
it’s the process of converting human-readable plaintext into unreadable text, or ciphertext. 
In other words, encryption changes readable data to make it seem arbitrary. Encryption 
requires a collection of mathematical values that the sender and the recipient of the 
encrypted communication agree upon, called a cryptographic key. 


1.3 Decryption 


Transforming encrypted data back to its original state typically in reverse is called decryp- 
tion. Only authorized people are able to decode it since it needs a secret key or password. 
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One can use keys or passwords to do decryption manually or automatically. To view original 
details, recipients need appropriate decryption software. The original file can be in various 
forms, such as a directory, text file, or user data. An encryption-decryption system is crucial 
for privacy, as information on the web is vulnerable to unauthorized access, thereby pre- 
venting data theft. Representation of cryptography process is shown in Figure 1. 
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Figure 1. Representation of cryptography process. 


2 LITERATURE REVIEW 


Several research works have looked at and identified certain components to use the effective 
encryption and decryption technique for security. The Symmetric Key Algorithm was first pre- 
sented by Ayushi in 2010. Symmetric key cryptography is the most popular and fastest encryption 
technique. It uses a single key for both encryption and decoding. Before coming up with her own 
novel symmetric key method, Ayushi studied well recognized symmetric key algorithms including 
DES, RC2, RC4, and IDEA. Suyash Verma et al. unveiled a brand-new symmetric key cryp- 
tography technique in 2012 with the goal of improving information security. Their algorithm 
employed a block cipher generating mechanism and was evaluated using various plaintexts under 
the DPSK mode. Through their calculations, they demonstrated that their proposed algorithm 
outperformed existing ones in terms of speed, especially when using the same key size and data 
size. Prerna Mahajan et al. looked at the security of the encryption algorithms RSA, DES, and 
AES in their 2013 study. They put these strategies into practice and assessed how well they 
worked in terms of encryption and decryption times. Based on experimental findings, they con- 
ducted effectiveness assessments to compare these algorithms’ performance with others. In 2014, 
Anjula Gupta and colleagues conducted a review titled “Cryptography Algorithms: A Review,” 
examining various encryption techniques to enhance their performance. Their study concluded 
that each technique utilized a distinct identifier. Among the surveyed papers, it was found that 
BLOWFISH surpassed all symmetric algorithms in terms of throughput value, while also exhi- 
biting the lowest power consumption. In 2016, Sushil Kumar Tripathi introduced the EES 
methodology, a novel block cipher encryption technique, using an improved key and the Cubical 
Method as its foundation. This method relies on symmetric encryption at the block level. The 
EES approach utilizes improved cubes, each containing pairs of binary inputs, to generate a 
multitude of combinations, forming the foundation of the encryption method. 


3 TYPES OF CRYPTOGRAPHIC ALGORITHM 


3.1 Symmetric cryptography 


Encryption is a cryptographic process that transforms data or a plane tax into less expensive or 
decipherable text. It helps prevent unauthorized access to sensitive information and secure 
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communication networks. There are various algorithms available to choose from, ensuring the 
most secure solution for our needs. A single shared secret key is all that is needed to send encrypted 
data between parties when using symmetric cryptography. This technique is two-way, ensuring the 
same ciphertext is produced for each block of plaintext and a specific key. The sender’s data is 
encrypted, and the receiver only has the password to access it. Symmetric encryption is commonly 
used for holding sensitive data and securing data between parties with a shared key (Figure 2). 


Sender Receiver 


Original 
Message 


Plain Text iginal Message 


Key Key 


Two Same Keys 


Figure 2. Symmetric key cryptography. 


3.2 Asymmetric cryptography 


Asymmetric cryptography, sometimes referred to as public-key cryptography, encrypts and 
decrypts messages using two keys: a public key and a private key. By limiting unwanted access, 
this technique guarantees security. The sender encrypts a message before sending it by using 
the recipient’s public key. The message is then decrypted by the recipient using their private 
key. Similarly, the sender can encrypt a message with their private key to ensure that only they 
can decrypt it using their public key, verifying their identity. This automatic encryption and 
decryption process eliminates the need for manual locking and unlocking. Both the public and 
private keys are held by each party in this system, but safe communication is ensured because 
only the intended receiver may decrypt a message using their private key (Figure 3). 


Original 
Message a, Lp Plain Text 
Plain Text | l Original Message 


Key Key 


Figure 3. Asymmetric key cryptography. 


3.3. Symmetric key cryptographic algorithms 


Step 1: First, find out the letter’s ASCII value. Step 2: Discover the letter’s matching binary 
value. [A binary number, such as 00100000 for a decimal 32 binary number, should consist 
of eight digits.] The third step involves reversing the eight-digit binary number. Assume in 
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Step 4 that the Key is a four-digit divisor (>=1000). Step 5: The reversed integer should be 
divided using the divisor. Measure the quotient in the next five numbers and the remainder in 
the first three in step six. Three and five digits, respectively, are the maximum lengths for the 
remainder and the quotient. If either of these is less than three or five digits, we have to add 
the required number of zeros (0s) to the left. 


3.4 Decryption algorithm 


Step 1: Multiply the final five digits of the ciphertext with the Key. Step 2: Combine the 
output of the previous step with the first three digits of the encrypted text. Step 3: We need to 
transform the step 2 output to an 8-bit value if it isn’t already. In step four, you reverse the 
number to obtain original content, or text. 


4 PROPOSED APPROACH 


4.1 Procedure for encryption 


Step 1: Use an ASCII 8-bit value while typing letters. In step two, reverse the 8-bit element’s 
odd-position bits. Step 3: Make a small swap for the next place. Using the first four digits as 
element-1 and the last four as element-2, divide the eight bits into two groups in step 4. Step 
5: Use the key of 100 to divide elements 1 and 2. Step 6: Find the quotient-2, remainder-1, 
and their corresponding quotients. Step 7: remainder-1, remainder-2, quotient-1, and 
quotient-2. 8-bit cipher text is obtained by merging in step 8. 


4.2 Decryption process 


Step 1: The first two bits should be marked as quotient-, the next two as remainder-2, the 
next two as quotient-2, and the last two as remainder-1 (right to left) using the cipher text 
mark. Step 2: Add the result to the remainder-1 after multiplying the quotient-1 by the key to 
produce element-1. Repeat the operation to get element-2 by multiplying the quotient by the 
key and adding the result to the remainder. 

Step 3: Combine elements 1 and 2. 

Step 4: Swap a little for a subsequent location. 

Step 5: Reverse the 8-bit element’s odd-position bits. And this is the encrypted plain text that 
we have. 


5 RESULT ANAYSIS 


Based on key size, message size, and encryption execution time, a comparison is made between 
symmetric encryption and the suggested technique. Comparisons of file size and encryption 
time are shown in Table 1 and Figure 4. Furthermore, Table 2 and Figure 4 shows how key 
sizes in bytes are compared. The analysis sheds light on how the suggested encryption method 
and the symmetric approach differ in terms of efficiency and performance. 


Table 1. Execution time based on message size. 


Message Size Symmetric Approach Proposed Approach 
(Number of character) (in millisecond) (in millisecond) 

10 646 425 

20 1024 848 

40 2035 1649 


130 
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i 


10 20 50 


Message size 
(numbre of character) 


Figure 4. Symmetric and suggested approaches for encryption comparison graph. 


Table 2. Duration needed for file execution. 


Approach Key size (in bytes) 


Symmetric Approach 63 
Proposed Approach 47 


6 CONCLUSIONS 


The suggested approach focuses on secure message transmission through encryption tech- 
niques, minimizing execution time by character count calculation and basic operations. This 
method anticipates future implementation for special characters. Data security is vital for 
corporations to safeguard against competitors, ensuring the protection of private informa- 
tion. Timely and secure data transfer is crucial for organizations, supported by robust 
encryption algorithms and key management strategies. Cryptography, comprising keys and 
encryption techniques, prevents unauthorized access and maintains data integrity, con- 
fidentiality, and authentication, as explored in this study on current data security encryption 
techniques. 
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ABSTRACT: Since 2021, the term “metaverse,” which describes a novel kind of cyberspace, has grown in 
popularity. We list the four key components of the metaverse: real-world building, socialization, immersive 
interaction, and expandability—as opposed to providing a formal definition. Metaverse is an incredibly 
amazing virtual environment because of these features, but they also leave it open to all security and privacy 
risks, including eavesdropping, phishing, invalid authentication, unauthorized access, and more. After 
introducing the four characteristics, this paper surveys and divides the Metaverse’s current development stage 
and typical applications into four economic sectors. When analyzing security and privacy concerns in the 
Metaverse, the four traits and the results of the latest study are considered. After that, a list and discussion of 
the additional significant security and privacy risks that could arise from combining the four traits are 
provided. Finally, the study also brings up a few more social and human concerns. 


Keywords: Virtual Reality (VR), Augmented Reality (AR), Security, Privacy, Challenges, 
Artificial Intelligence (AI), Blockchain 


1 INTRODUCTION 


The term “metaverse,” popularized in 2021 by Meta (formerly Facebook), refers to a virtual universe 
accessible online, emphasizing interaction. Prioritizing privacy and security is crucial as this concept evolves. 
It aims to merge digital and physical realms, leveraging advanced technologies for immersive experiences. 
Key elements for its success include socialization, immersive interaction, real-world resemblance, and 
expandability. However, debates persist over its integration into contemporary digital landscapes. 

1.1 Socialization 

Internet users are connected through the Metaverse. Users can communicate with one another and post or 
share their social profiles in the Metaverse. 

1.2 Immersive interaction 

Users can now interact with machines more naturally and immersive thanks to innovations like brain- 
computer interfaces and extended Reality (XR). 

1.3 Real world-building 

Locations in virtual worlds for a range of in-person activities, including playing, mingling, shopping, 
vacationing, and more, can be found in the metaverse. 


1.4 Expandability 


Users can access extra features in the metaverse that are not available in the actual world, such as virtual 
scientific research and virtual modelling. 
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2 IMPORTANCE OFSECURITY, PRIVACY, AND CHALLENGES IN THE 
METAVERSE 


The metaverse offers a nearly connected environment for working, playing, and interacting. Given this, it is 
essential to safeguard people’s security and privacy. The following explains our concern for security, 
privacy, and challenges: 

2.1 Personal privacy 

It has unprecedented access to personal data from our digital interactions, preferences, behaviors, and even 
biometric data. This data needs to be protected from theft, exploitation, and misuse in order to preserve 
people’s privacy. 

2.2 Data security 

Security lapses can have a big effect because the metaverse depends on network connectivity and the exchange of 
digital assets. In the metaverse, there are risks like identity theft, cyberattacks, and asset theft. 

2.3 Data identity 

Protection of the digital identities is becoming more and more essential in the metaverse. A person’s reputation 
can be harmed in addition to bodily harm by unauthorized access and digital identity theft. 

2.4 Economics implications 

The economy is impacted by the metaverse in addition to social interaction. Within the metaverse, virtual 
assets, virtual currencies, and virtual currencies are being developed. 

2.5 Trust and credibility 

Trustworthiness and assurance are crucial components of the metaverse. Users are less likely to participate and 
engage to the fullest extent possible if they don’t trust the platform’s security and privacy. 

2.6 Regulatory concerns 

A growing number of lawmakers are looking into the metaverse and realizing that rules are necessary to 
safeguard users. 

2.7 Ethical considerations 


The metaverse raises challenging ethical questions regarding tracking, surveillance, and data monetization. 
It is necessary to establish and uphold ethical standards for the metaverse to develop responsibly. 


3 ADVANCES AND USES OF THE METAVERSE 


The Metaverse, also referred to as the 2nd Life platform, is a three-dimensional virtual gaming environ- 
ment that simulates reality. It enables multilingual communication between users and their environment. It 
has been utilized by companies, scholars, instructors, and health care providers for a variety of reasons 
[2,3]. Shown in Figure 1. 


Phase | qe Phage 2 Phase 3 


Physical 


Physical Virtual Physical Virtual world 
world world world world Virtual 
world 

Digital twins Digital natives Surreality 


Figure 1. Three phases of the development of Metaverse. 
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Rapid development in immersion technologies like AR and VR has laid the groundwork for constructing 
the Metaverse. These technologies find creative applications in industries such as agriculture, mining, and 
forestry, enhancing operations through computation, AI, and simulation [1]. DHMs, particularly utilized in 
academia and manufacturing, offer immersive interactions, with previous studies highlighting their applica- 
tions in sectors like automotive, aerospace, and defense [3]. 

Present-day virtual world economics innovations and usage: 


3.1 Primary sector 


Agriculture, forestry, fishing, mining, hunting. 


3.2 Secondary sector 


Manufacturing of automobiles, textiles, chemical technology, naval construction & power generation. 


3.3 Tertiary sector 


Facilities include sales, eateries, travel, insurance companies, medical, banking, and legal help. 


3.4 Quaternary sector 


Intellectual activities: R&D information technology (IT), education, consulting services and financial 
services. 

The aerospace and aviation industries have benefited greatly from VR, AR, and MR in pilot training. 
Moreover, airlines are spending money on virtual reality headsets to improve the in-flight experience [4]. 
Shown in Figure 2 


Metaverse technologies 


computing 


Figure 2. Current metaverse technologies. 


Block 
chain 


Immersive technologies and the Internet of Things (IoT) enhance modern healthcare by supporting 
various aspects such as medical education, prevention, treatment, and patient reintegration [5][6][7][8]. In 
the Metaverse, armed forces focus on training and preparation through immersive simulations, while 
digital currencies and assets, including NFTs, revolutionize trade and investment with blockchain tech- 
nology [3][9][10][11][12]. 


Digital 
twin 


4 CURRENT DATA PRIVACY AND SECURITY PROBLEMS IN THE VIRTUAL 
UNIVERSE AND THE ANSWERS 


Based on the Metaverse’s expansion and reach, we examine its privacy and security obstacles and alter- 
natives using all four characteristics depicted in Figure 3. 


Characteristics 
of Metaverse 


Real 
worldbuilding 


Immersive 
interaction 
Expandability 


Figure 3. Characteristics of metaverse. 
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4.1 Safety and confidentiality problems and approaches associated with 
Socialization 


The Metaverse provides the foundation for connections and communication, its users can engage in social 
interactions with each other online. As a result, every confidentiality and safety concern present in online 
communities that have a link to other networks affects the multiverse at large. 


4.2 Security concerns and their fixes 


Since internet-based offerings are interactive and allow users to submit input, injection attacks are a useful 
tool for hackers to obtain data from a reliable system [15]. End-user devices should verify all user input, 
allow input to be sent to the server from accounts with the least amount of privilege, and run SQL Server 
with the fewest privileges required to avoid this [16]. 


4.3 Man-in-the-middle attacks 


Affect the confidentiality, integrity, and availability of the system by changing or intercepting data packets and 
listening in on user-server communications [17]. Robust cryptographic protocols and robust authentication are the 
best defenses against this attack [19] [20]. Although confidentiality of information is capable of being preserved in 
lines of communication by using the authentication process methods, accessibility to data is possible through the 
adoption of encryption protocols [21] [22]. Shown In Figure 3 

Attack detection algorithms are required in the interim to keep an eye on the system and stop new attacks as 
soon as they are discovered . Harmful JavaScript software is injected into websites through Cross-Site Scripting 
(XSS) attacks. Malicious JavaScript code can be directly inserted by attackers into a store location. Which the 
client website will then request, or into the client website itself [19]. Web pages that are embedded within the 
metaverse are vulnerable to such an attack. One approach to preventing potential XSS attempts is to use an online 
proxy that has XXS methods for recognition installed . Deep learning models have recently improved the efficacy 
and accuracy of XXS detection . An XSS safeguarding document was released by the Open Web Application 
Security Project (OWASP) to help programmers avoid XXS assaults while developing web-based applications. 


4.4 Problems with privacy and their remedies 


Data breaches have exposed 11.5 billion pieces of personal information since 2005, impacting sectors like 
finance and technology. Chen ef al. suggest remedies including authentication, access control, and fire- 
walls. Implementing firewalls and security protocols in metaverse subsystems integrating antivirus soft- 
ware, and employing machine learning for threat detection are crucial defensive tactics. SDNs can manage 
virtual network functions in virtual reality. 


5 LITERATURE SURVEY 


To address numerous security and privacy problems, cutting-edge detection and prevention approaches must be 
combined with robust validation, authentication, and encryption mechanisms. However, a sophisticated digital 
economy can exist within the Metaverse thanks to NFTs, cryptocurrencies, and blockchain technology—all of 
which enable safe and decentralized commerce. By offering real-time digital copies of tangible objects, digital 
twin technology improves worldbuilding, but it also raises privacy and security concerns. In DT systems, fed- 
erated learning contributes to privacy protection while sophisticated defences and intelligent servers handle data 
poisoning and secure connections. Because avatar-based interactions are the target of phishing assaults in the 
Metaverse, strong security measures are required to shield users from sophisticated fraud and frauds. 


6 IMMERSIVE INTERACTION RELATED SECURITY AND PRIVACY ISSUES 
AND SOLUTIONS 


In immersive interactions, data exchange between devices is vulnerable to insecure deserialization attacks, 
as seen in Android vulnerabilities [28]. To mitigate risks, authentication protocols and local storage of 
biometric data, as proposed by Das et al. [29] and Panging et al. [30], enhance security for wearables and 
smart devices. 
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6.1. Safety while privacy-related actual events constructing concerns as well as 
remedies 


In a world-building environment that mimics reality and contains details on connections, interests, and areas 
of competence, users can create character settings. Recommendation systems leverage user profiles and 
knowledge graphs, but privacy is compromised. Regarding privacy issues, Hasan et al. addressed user 
privacy concerns and offered solutions in their discussion of user profiling using big data techniques. Li et al. 
real-world incidents about security that raise issues and offer solutions. In his studies, a data structure was 
constructed over information set accountability, historical information standards, confidentiality working 
approach, as well as battle assuming study. 


6.2 Expandability -related confidentiality and safety problems and fixes 


The Metaverse is a virtual reality platform that allows users to do in-person meetings, shop in a virtual 
mall, and perform remote surgeries. However, doing so could lead to outside and cross-app tracking, 
endangering user privacy. To prevent this, applications should cease monitoring communications within 
the framework.To increase security, monitoring can be recognized and stopped using detection algorithms, 
cross-app tracking, and third-party tracking analysis tools. 


6.3 Possible security and privacy issues and solutions in Metaverse 


The metaverse is a multi-layered simulation of reality. Credible businesses like McDonald’s and Nike are 
getting ready for the Metaverse to transform into a virtual workplace where people can work, socialize, shop, 
play games, attend concerts, and more. For stability and security, the Metaverse’s virtual economy depends on 
NFTs, cryptocurrencies, and blockchain technology. Because they are built on the blockchain, cryptocurrencies 
allow safe and private online payments while preventing problems like credit fraud and privacy invasion. 

Encryption and decryption are essential for maintaining security and privacy in the metaverse. They aid 
in preventing unwanted access to private data and communications. 

Encryption: 

Verification: By decrypting the message, the intended recipients can confirm the authenticity of the 
sender and the accuracy of the data they received. 

Communication: It allows parties to collaborate and communicate securely without compromising their 
privacy, guaranteeing that talks and transactions between them stay private. 
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Figure 4. Compared chart for data encryption employing the suggested and symmetric methods. 


In the metaverse, world-building is essential, aided by Digital Twins (DT) technology that offers real-time 
and historical data simulation. DTs, initially designed for data processing and interaction, now serve as 
digital copies of real-world settings. Federal learning (FL) ensures DT protection by instructing it rather than 
sharing raw data. However, vulnerabilities arise, such as in Meta Worlds Horizon, where hackers can pose as 
friends or family to obtain assets and credentials. False replicas of online marketplaces pose fraud risks, 
especially to businesses unfamiliar with the metaverse, emphasizing the need for robust security measures. 
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7 CONCLUSION 


The paper outlines four key characteristics to summarize and elucidate present-day applications of develop- 
ments under the Metaverse’s governance. The four core characteristics of Metaverse are analyzed in relation to 
the solutions to the present security and privacy issues. The subject of further possible privacy and security 
issues is then raised. Finally, we also discussed a wide range of other interconnected Metaverse-related topics. In 
addition to providing guidance for future research, our review and summary of the literature should spark 
discussions about security and privacy requirements for Metaverse-related applications and research. 
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ABSTRACT: The advent of quantum computing ushers in a new era of computational 
capability and challenges the fundamental principles of modern cryptography. Quantum 
computers with the ability to solve difficult mathematical problems exponentially faster pose 
an immediate danger to conventional encryption procedures, which are currently thought to 
be secure in the world of classical computing. This paper explores the fundamental effects of 
quantum computing on cryptography, showing how quantum algorithms, like Shor’s algo- 
rithm, may effectively factor big numbers and solve discrete logarithm issues, making pop- 
ular encryption techniques susceptible. The study looks into how susceptible traditional 
encryption methods like RSA and ECC are to quantum assaults, highlighting how urgent it 
is to switch to quantum-resistant cryptographic solutions. 


Keywords: Cryptography, Shor’s algorithm, RSA & ECC, QKD 


1 INTRODUCTION 


The cutting-edge world of quantum computing is deeply rooted in the mind-boggling realm 
of quantum mechanics, a fascinating branch of physics that delves into the peculiar beha- 
viors of tiny particles at the quantum level. In the realm of classical computers, bits (the Os 
and 1s) reign supreme as the building blocks of information. However, in the parallel uni- 
verse of quantum computers, quantum bitsaka qubitssteal the spotlight. Picture this: qubits 
possess the mind-bending ability of superposition, which means they can exist in multiple 
states at the same time. [1,2]This mind-boggling concept allows a single qubit to simulta- 
neously embody both 0 and 1, thus paving the way for the processing of mind-bogglingly 
massive amounts of data by quantum computers. But wait, there’s more. Qubits also have 
the remarkable power of entanglement, a mind-blowing phenomenon where the state of one 
qubit can instantly influence the state of another, regardless of the vast distances that may 
separate them. In other words, quantum computing is one wild ride through a whirlwind of 
mind-bending possibilities. 


2 UNDERSTANDING QUANTUM COMPUTING 


2.1 Quantum mechanics basics 


Several core ideas of quantum mechanics serve as the foundation for quantum computing 
[3]. Here is a quick summary of several important ideas related to quantum computing: 


2.1.1 Superposition 

[4] A bit in classical computing can only have two values: 0 or 1. A quantum bit, or qubit, 
can concurrently exist in a superposition of both states in quantum computing. Parallel 
computing is made possible by the fact that a qubit can represent 0, 1, or any quantum 
superposition of these states. 
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2.1.2 Entanglement 

A quantum phenomenon known as entanglement occurs when two or more qubits become 
correlated to the point that, regardless of their distance from one another, the state of one 
qubit instantly affects the state of the other(s). Because of this characteristic, qubits can be 
joined in ways that traditional bits cannot, allowing for the development of highly inter- 
connected quantum circuits. 


2.1.3 Quantam gates 
In quantum computing, quantum gates are the analogues of classical logic gates. They alter 
the states of qubits by performing operations on them. 

Quantum gates enable complex calculations because they are reversible and operate on 
superpositions of qubits. 


2.2 Quantum computing vs. Classical computing 


Table 1 shows the comparison of classical and quantum computing. 


Table 1. Comparison of classical and quantum computing. 


Aspect Classic Computing Quantam Computing 
Basic Unit of Bits (0 or 1) Qubits (0, 1, or superposition of both) 
Information 
Interconnectedness Bits are independent Qubits can be entangled, influencing 
each other 

Superposition Bits are in one state (0 or 1) Qubits can exist in multiple states 

at a time. simultaneously. 
Entanglement Bits are not entangled. Qubits can be entangled, even if separated 


by distance. 


3 MODERN CRYPTOGRAPHY 


3.1 Types of modern cryptography 


All there are 3 encryption tools in use today: RSA, ECC (Elliptic Curve Crypto) and AES 
(Advanced Encryption Standard) [5] 


3.1.1 RSA (Rivest-Shamir-Adleman) 
RSA is a widely used asymmetric encryption algorithm that relies on multiple numbers. It is 
commonly employed to secure the transmission of sensitive data and for digital signatures. 


3.1.2 Elliptic curve cryptography (ECC) 
ECC is an alternative asymmetric encryption method, rooted in the arithmetic of elliptic curves 
over finite fields. It offers stronger security and lower latency than traditional RSA, making it 
more efficient, especially in resource-constrained applications such as mobile and IoT devices. 
AES is a symmetric encryption algorithm designed to safeguard private data during 
transmission over the Internet or storage in files. Since the algorithm uses symmetric keys, 
the same key is used for both encryption and decryption. Size: AES allows 192-, 256- or 128- 
bit size, and security increases with size. 


3.2 Importance of modern cryptography 


3.2.1. Concealment 

Cryptography keeps the data safe from unwanted users to access it. It deciphers the data into 
and encrypted form which is not readable by anyone and can only be read by decrypting the 
data with the help of key which is kept confidential. 
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3.2.2 Veracity 

[3] Cryptography helps to seek any changes made to the data while it was in transmission by 
unauthorized users. Using private keys, hash and digital signature it is possible to detect any 
alteration in data thus maintaining the integrity of data. 


3.2.3 Validation 

Cryptography provides ways to ensure the identity of communicators. Digital signatures and 
authentication allow the data to be transmitted with the consent of people and machines, to 
protect privacy, and ensure that information is sent, transmitted and received to correct user 
without in between alteration. 


4 QUANTUM ALGORITHMS AND CRYPTANALYSIS 


4.1. Shor’s algorithm 


[6,7] In 1994, American mathematician Peter Shor formulated an algorithm that can be used 
by Quantum computers to find factors a large number. It can be used to break major modern 
cryptography methods such as RSA, which uses large prime numbers and their product to 
make encryption and decryption keys. Shor’s algorithm is revolutionary as it is faster in 
finding factors than the classical algorithms. Let us take the example of number 55. It will 
need a 6-bit qubit register as 55 in binary is 110111. Here is the working of the algorithm: 


1. Make a guess, g < N and g does not share any factor with N. (1) 
2. Find r such that g’ = mn + 1, (2) 
3. if r is even, calculate(g"/? — 1) and (gP + 1), if r is odd go back to step 1. (3) 


4. Utilize the Euclidean algorithm to identify the greatest common divisor, which is a factor 
of N. Working of Quantum computer to execute Shor’s algorithm: First the qubits are split 
into two equal sets. The first set is prepared in the superposition of following order: 


|x>=|O>4]1>4/2>4)3>4.... + 104 > (4) 


And the other set of qubits are set to be superposition in order of zero as of now. Then a 
guess g is made which is smaller than N and does not share any factor with it. Next, we raise 
g to the first set of qubits and divide it by N. 


0 1 2 3 10134 
g g & g 
>= >4 >4 >4 n ei H > 5 
k>=(F> 45> 4 | | (5) 


The remainders obtained from here are stored in the second set of qubits. Then both sets 
are entangled together, 


|x >= |0 > |rem > ++ |1 > |rem, > 4+|2 > |rem > +.... (6) 


But this obtained superposition cannot be measured, if did, a random variable will be 
generated. If Table 1. Is extended remainders start coming periodically. Remainder of 1 is 
r=0,10,20,30,40 ... ... and so on. Therefore, all the remainders will cycle through after g is 
raised to another power 10. If only the remainder is measured, 


|i > |remp > + + |j > |rem, > +|k > |rem >+.... (7) 
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As the random remainder generated is periodically obtained this superposition can be 
written as, 


|i > |rem > ++ li+r > |rem, > +|i+ 2r > |rem >+.... (8) 


r is what we are calculating for. 
Now if a quantum Fourier transform is used, following superposition is obtained, 


[cl >+ļ|c2 =>4\c3 -> +ļlc4 -—>4....... (9) 
r r r r 


Now the superposition can be measured, and the result is l/r, and by inversing it r is 
obtained. After that, (g’/? — 1)and(g"/? + 1) can be calculated and Euclid’s algorithm can 
be used to find out the greatest common divisor which is factor of N. 


4.2 Grover’s algorithm 


Grover’s algorithm is a quantum algorithm for solving random search problems. In a ran- 
dom search problem, we are given a set N and want to find a labelled element [8]. Grover’s 
algorithm is a quantum algorithm for solving a random search problem in which a classical 
computer must search for all N points. In a random search problem, we are given a set N 
and want to find a labelled element. 


1 N-1 
a, a ee (10) 


where |x) is the state corresponding to the element x. 
The diffusion operator is a quantum function that propagates the amplitude of the state 
corresponding to the domain. The diffusion operator can be written as: 


1 
U=—-x|p><9l (11) 


5 POST-QUANTUM CRYPTOGRAPHY 


Post-quantum cryptography, also known as quantum-proof, quantum-secure, or quantum- 
resistant cryptography, encompasses public key cryptographic techniques specifically 
developed to defend against attacks leveraging quantum computers. It involves crypto- 
graphic algorithms, typically public key algorithms that safeguard against quantum com- 
puter access. Post-quantum cryptography facilitates preparation for the quantum computing 
era through the modification of existing algorithms and models. Transformation of 
encryption methods can be done using today’s computers but will be protected against 
attacks by quantum computers in the future [9,10]. 


5.1 Types of post-quantum cryptography 


5.1.1 Code based cryptography 

Code-based cryptography is one of the techniques that is different to many of today’s public- 
key cryptography systems. It relies on the complexity of factorization or discrete logarithm 
problems. Different from public key algorithms, code-based cryptography is based on 
decoding unknown error-correcting codes, which are said to be NP-hard. There are two 
simple-based encryption methods named after Robert McEliece and Harald Niederreiter. 
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5.1.2 Hash based cryptography 

Hash-based encryption schemes derive from one-time signature (OTS), where only each key 
pair needs to be used to sign a message. If the OTS key partner signs two different tickets, the 
taxi will disrupt the network and hackers will have no problem creating fake signatures that 
reveal the customer’s personal information. 


5.1.3 Lattice based cryptography 

Lattice-based cryptographic algorithms are usually based on the nearest vector problem or the 
shortest vector problem. In most lattice-based encryption algorithms, the encryption generator is 
very good and simple, but still provides security guarantees based on worst-case hardness. 


5.2 Challenges for quantum computers’ implementation and access 


Switching from traditional computers to Quantum computers presents numerous implica- 
tions and challenges. It will require a considerable amount of time to navigate through these 
changes. Major IT companies are still in the process of researching and developing post- 
quantum algorithms. Standardizing these algorithms requires careful consideration of all 
security aspects and practical implications. Systems commonly employ various crypto- 
graphic protocols for different functions. Introducing new algorithms for transitioning will 
be crucial for ensuring a seamless changeover of cryptographic systems. 


5.3 Implications of cybersecurity 


The emergence of quantum computing brings a new level of uncertainty to cybersecurity and 
digital trust. This powerful technology has the potential to completely change the way we 
approach traditional cryptographic methods. One of the biggest concerns is the incredible 
speed at which quantum computers can break through common encryption algorithms like 
RSA and ECC. The security of our online data relies heavily on these algorithms, which 
involve solving complex mathematical problems such as discrete logarithms and factoring 
large numbers. Quantum computers, with their ability to outperform traditional computers, 
can effortlessly solve these problems by utilizing “qubits” or quantum bits and applying 
principles like superposition and entanglement. Researchers are now racing to develop 
quantum-resistant cryptography to ensure the safety of our digital information. 


6 CONCLUSION 


With the rapid advancements in Quantum computing, there is a growing concern about its 
impact on internet security protocols like RSA. To address this looming threat, researchers are 
delving into the realm of post-quantum cryptography. Utilizing techniques such as hash- 
encryption, multivariate encryption, and lattice encryption can help mitigate these risks. 
However, transitioning from traditional computers to quantum computers poses a myriad of 
challenges, including algorithm standardization, interoperability, and efficiency issues. Quantum 
Key Distribution (QKD) shows great potential for securing communications in this new quan- 
tum era. Despite the perplexity of these challenges, quantum computing not only disrupts existing 
cryptography but also presents opportunities for innovation that could revolutionize the business 
landscape. As developers, scientists, and multinational corporations delve deeper into Quantum 
computing, they are racing to make advancements in order to adapt faster to this new frontier. 
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ABSTRACT: Microelectromechanical systems (MEMS) optimal energy harvesters have 
attracted an abundance of attention because of their capacity to extract energy from the 
surrounding environment and supply it to electronic devices that are located on a smaller 
scale. The main objective of this experimentation that to design an optimized high effient 
energy harvester which can produce high electric field with natural vibrating forces, the 
selection of material plays major role to design the energy harvester. The results of the 
simulation illustrate the performance characteristics of the MEMS-OEH, which include the 
voltage output, the power generation, and the resonant frequency. Additionally, the study 
illustrates the usefulness of COMSOL Multiphysics in optimizing the design parameters in 
order to improve the efficiency of energy harvesting technology. 


Keywords: MEMS-OEFH, Piezoelectric, COMSOL Multiphysics, Harvesting, Energy 


1 INTRODUCTION 


Microelectromechanical systems (MEMS) perform an important part in the design and 
sensing of numerous factors in the real world; employing MEMS, there is a wide range of 
automation in autos, industries, and the consumer arena. The fundamental operating prin- 
ciple of a MEMS system is to transform mechanical physics into electrical domain, which is 
more suitable for automation purposes. MEMS measures a variety of mechanical char- 
acteristics including gravity forces, pressure, stress, and vibrations. Converting natural 
vibrational energy into electrical nature is a difficult problem in today’s needs; many systems 
such as wireless sensor networks, autos, and many others require electrical energy through 
the replacement of solar panels and direct connecting paths. Vibrational MEMS-EH uses 
less energy, which is insufficient for sensor networks, but it pushes the network to detect 
mechanical characteristics. MEMS-EH typically function at high frequencies ranging from 
several hundred to several thousand Hz, which is an important consideration when running 
energy harvesters [1],[2],[3],[4],[5]. 


2 LITERATURE SURVEY 


Mechanical energy harvesters are classified into three varieties according to their functioning 
principles: electromagnetic, electrostatic, and piezoelectric. MEMS-EH offers a higher 
energy density than electromagnetic and electrostatic devices, making it an excellent choice 
for harvesting vibration energy. MEMS-EH is categorized into three types: macroscale, 
microscale, and nanoscale. The dimensions of a MEMS-EH have an impact on various 
parameters, including as its mass, fabrication technique, effective power generation capacity, 
and anticipated deployment sites. Applying friction, pressure, and pulling force can activate 
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the miniature MEMS-EH device. It has the potential to harness the energy generated by 
human motions. 

Larger MEMS-EHs are mostly driven by ambient vibration, particularly at a specified 
frequency. Piezoelectric materials can be classified as inorganic or organic. The most com- 
mon inorganic piezoelectric materials today are piezoelectric single crystals and piezoelectric 
ceramics (polycrystalline) [6],[7],[8],[9],[10],[1 1],[12],[13].,[141,[1 5]. 


3 DESIGN METHODOLOGY 


To achieve optimal performance, several critical steps must be taken while designing a 
MEMS (Micro-Electro-Mechanical Systems) energy harvester. The following parameters 
are considered for designing MEMS energy harvesters: 


3.1 Mechanical damping 


Mechanical damping is the loss of energy within a mechanical system that reduces the amplitude 
of oscillations or vibrations over time. Simply described, it is the process of transforming 
mechanical energy into heat or another type of energy. In many technical applications, damping 
is necessary to reduce too high oscillations, vibrations, or noise that could cause discomfort or 
mechanical failure. The amount of mechanical damping in the device can be measured thanks to 
the damping ratio, which can be found by mathematical computations [18]. 


t= 0) 


Where: 


& is the damping ratio 
c is the damping coefficient(N.s/m) 


3.2 Resonant frequency (w) 


The Greek letter w, or omega, is a symbol for resonant frequency, a fundamental idea in 
science and technology. For the study of oscillatory systems—mechanical, electrical, and 
acoustical systems—it is especially crucial. The natural frequency of a system at which it 
oscillates most effectively in response to an external stimulus or disturbance is known as its 
resonant frequency [17]. The following is a mathematical description of the resonant fre- 
quency, represented by the symbol w. [17]. The resonant frequency, denoted by the symbol 
w, is described mathematically as follows: 


o = /(k/m) (2) 
where the resonance frequency, expressed in radians per second (rad/s), is denoted by “w” 
(omega). K is the letter for the stiffness of the system expressed in newtons per metre, or N/m. 
Mass of the system is represented by the symbol m and is given in kilograms (kg). The frequency 
at which the system’s intrinsic vibratory modes occur is known as the resonant frequency. The 
amplitude of the oscillation may increase significantly when an external force or disturbance 
activates the system under study at its resonant frequency [16]. 


3 DESIGN OF A MEMS ENERGY HARVESTER 
An array-structured vibrational energy harvester is designed and developed using silicon as 


the basic material. After that, silicon dioxide is sprayed over the silicon to act as an insulator 
and shield the energy harvester from damage by blocking current flow through it. A layer of 
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piezoelectric material from the “PZT-5H” material covers every array member connected to 
a hexagonal proof mass. The design structure is simulated and investigated with the aid of 
the COMSOL Multiphysics program. The array-based vibrational energy collector’s design 
structure is shown in Diagram 25.1. 
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Figure 1. Design of energy harvester. 


The dimensions of the energy harvester are 1000 x 1000 x 10 um?, which are the struc- 
tural dimensions. The construction of the energy harvester is characterized by dimensions of 
1000um in length, 1000um in width, and a thickness of 10um. The width of the array element 
is 10 micrometers, and its length is 75 micrometers. These are the measurements of the array 
element. There is a connection between a hexagonal proof mass and all of these rectangular 
array elements that have been brought together and arranged in a circular pattern because of 
the circular pattern and the proof mass consisting of a hexagonal shape. Shown in Figure 2 


Contact pad 


Device layer 


Figure 2. Front view of the energy harvester. 


There is a wide variety of piezoelectric materials that can be found in the natural world. It 
is recommended that the synthetic piezoelectric material PZT-5H, which is composed of 
lead, zirconate, and titanate, be utilized in the design because of its ability to deliver an 
output that is very effective. The PZT-5H material has a greater capacity for displacement in 
comparison to other materials, which results in an increase in both output potential and 
output power production. Because of this, piezoelectric material PZT-5H is selected above 
other materials in order to fulfil the requirement for enhanced output power and voltage. 

Meshing is a notion that plays a crucial part in the numerical discretization of the geo- 
metry in COMSOL Multiphysics, which is a software which is extensively used for modelling 
and simulating multi-physical systems. The computational domain is partitioned into 
smaller parts or cells by 
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4 SIMULATION RESULTS 


In order to do displacement analysis in COMSOL Multiphysics for MEMS 
(Microelectromechanical Systems) energy harvesters, it is necessary to simulate the 
mechanical behaviour of the device. This includes the deformation and displacement of the 
device’s components in response to external forces or stimuli. COMSOL allows you to 
perform displacement analysis on a MEMS energy harvester, and the following is a rough 
explanation of how you can set up and perform the analysis: Bringing in Geometry To begin, 
you will need to import the geometry of your MEMS energy harvester into COMSOL 
Multiphysics. Additionally, you have the option of importing the geometry from CAD 
software or creating it natively within COMSOL. An Introduction to Structural Mechanics 
It is necessary to activate the Structural Mechanics Module in COMSOL in order to carry 
out mechanical analysis. This module allows for the analysis of the structural behaviour of 
MEMS devices by providing the necessary tools. Properties of the Material Determine the 
material properties of the components that make up your MEMS energy harvester. Some 
examples of these values include density, Poisson’s ratio, and Young’s modulus. 
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Figure 3(a). Displacement analysis 25/. Figure 3(b). 1D Displacement analysis. 


Figures 3(a) and (b) depicts the displacement analysis of three MEMS Energy harvester. The 
flexibility of the proof mass is the key distinguishing feature between a single suspension beam 
and three suspension beams. When three suspension beams are attached to the proof mass, the 
proof mass exhibits equal displacement. This is the case with multiple-beam structure sensors 
that shift due to flexibility. The proposed sensor has a maximum linear displacement of 16um. 

The output potential parameter determines the performance and efficiency of the array- 
structured vibrational energy harvester. If an energy harvester has a high output potential, it is 
said to be highly efficient. As a result, the vibrational energy harvester’s output potential must be 
high in order to be more efficient. The array structured vibrational energy harvester, which was 
developed and simulated using COMSOL Multiphysics software, can create 0.77V as an output 
voltage when subjected to a 1g boundary load acceleration. Shown in Figure 4. 
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Figure 4. Harvested potential. 


5 CONCLUSION 


A MEMS energy harvester designed with COMSOL Multiphysics offers a viable approach 
for generating power from ambient vibrations. The device’s performance can be precisely 
simulated and optimized using COMSOL’s capabilities. This technique allows for fine- 
tuning of important parameters such as material selection, shape, and operational conditions 
in order to improve energy conversion efficiency. Finally, this study demonstrates the via- 
bility and usefulness of combining MEMS technology with modern simulation tools such as 
COMSOL Multiphysics for energy harvesting applications. The findings of this study pave 
the way for the development of more efficient and practical MEMS-OEH, which generates 
0.77volts per 1g acceleration forces which will help to progress self-powered systems and 
sustainable technology. 
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ABSTRACT: In the twenty-first century, India is rapidly revolutionizing the global digital 
landscape with initiatives like the Aadhaar-enabled payment system and the Agrimarket 
app. While digitization offers vast opportunities, concerns over data protection loom large. This 
paper examines India’s digitization journey, focusing on unique identification, identity theft, and 
data security regulations. Through extensive literature review, the study underscores the escalating 
threat of identity theft and cybercrimes in India, emphasizing the urgent need for robust pre- 
ventive measures. It explores the detrimental impact of identity theft on individuals and societal 
order, highlighting the inequalities perpetuated by such crimes. Employing both doctrinal and 
theoretical approaches, the paper aims to identify effective strategies for addressing the challenges 
posed by identity theft and enhancing data protection measures. It underscores the critical 
importance of integrating privacy and data protection principles into India’s digital mandate to 
mitigate risks associated with the burgeoning digital ecosystem. Ultimately, the research advo- 
cates for comprehensive policies to safeguard Indian citizens and ensure a secure digital future. 


Keywords: Digitization, data protection, identity theft and cyber crime 


1 INTRODUCTION 


The rise of digital technology has spurred governments worldwide to establish comprehen- 
sive identity information systems, relying heavily on individuals’ biometric data [1]. While 
this transition from paper-based systems promises efficiency gains, it raises significant con- 
cerns about data security and privacy [2]. As governments adopt these advancements, safe- 
guarding personal information becomes paramount. Failure to do so could enable misuse, 
including surveillance and identity theft [3]. Biometrics, such as fingerprints, iris scans, and 
facial recognition, serve as unique identifiers and have been used in government programs 
since the early 1900s [4] India’s Aadhaar project, launched in 2009 under the UIDAT plan, 
exemplifies this trend. It assigns a 12-digit Unique Identification number to citizens, incor- 
porating biometric and demographic data like fingerprints, iris scans, and personal details 
[5]. This paper explores the complexities of biometric data management, focusing on the 
Aadhaar project as a case study. It aims to analyze the intersection of technological 
advancement, privacy concerns, and government oversight in digital identity ecosystems. 


2 IDENTITY THEFT AND THE DEVELOPMENT OF THE CONCEPT OF 
UNIQUE IDENTIFICATION 


Identity theft, a pervasive issue in contemporary society, traces its roots back to humanity’s 
age-old quest for identification and differentiation. Alphonse Bertillon, renowned as the 
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head of the Paris police department’s criminal identification unit in the mid-nineteenth century, 
pioneered the use of physical features such as voice, face, and stride for criminal identification 
[6]. Bertillon’s system, based on anthropometric measurements, gained widespread acceptance 
until the late 1800s when it was superseded by the discovery of the uniqueness and accuracy of 
human fingerprints. The pivotal moment in the evolution of identity authentication came with 
the recognition of fingerprints as a reliable means of identification. This breakthrough, spear- 
headed by researchers like Sir Francis Galton, marked a paradigm shift in criminal identifica- 
tion practices [7]. Law enforcement agencies swiftly adopted fingerprinting as a cornerstone of 
their identification procedures, establishing centralized databases to store and compare finger- 
prints collected from crime scenes [8]. While biometric technologies initially served law enfor- 
cement purposes, their application gradually expanded beyond criminal justice contexts to 
civilian realms for personal recognition and authentication. Among biometric modalities, fin- 
gerprints have stood the test of time, with historical precedents dating back to 500 BC. Despite 
their ancient lineage, fingerprints remain the most widely used biometric method owing to their 
reliability and accuracy [9]. The colonial era witnessed the introduction of biometric identifi- 
cation systems in regions under dominion powers, including India and Egypt [10]. Sir Francis 
Galton, an English polymath known for his contributions to various fields, played a prominent 
role in the implementation of biometric identification in colonial contexts. The Bengal Police, 
for instance, established suspect identification offices equipped with biometric technologies, 
reflecting the colonial administration’s efforts to assert control and surveillance over indigenous 
populations. However, the proliferation of biometric databases in contemporary times has 
raised significant concerns regarding data protection and privacy [11]. Cybercriminals exploit 
vulnerabilities in these databases to perpetrate identity theft, a nefarious practice involving the 
unauthorized acquisition and misuse of individuals’ personal and financial information [12]. 
Identity theft, once a rarity, has become increasingly prevalent in modern society, fueled by 
industrialization and technological advancements. The advent of credit cards and the digitiza- 
tion of personal information have provided fertile ground for identity theft to flourish [13]. 
Fraudsters exploit loopholes in government verification systems and financial institutions to 
perpetrate identity theft schemes, causing significant financial and psychological harm to vic- 
tims. Understanding contemporary identity theft trends and their implications for data security 
is paramount in devising effective countermeasures to safeguard individuals’ identities and 
personal information [14]. The development of identity authentication technologies, from 
Bertillon’s anthropometric measurements to modern biometric systems, has transformed the 
landscape of criminal identification and personal recognition. However, the proliferation of 
biometric databases has also given rise to new challenges, particularly concerning data protec- 
tion and privacy. Addressing these challenges requires a multifaceted approach that encom- 
passes technological innovation, legal frameworks, and public awareness initiatives. 


2.1 Identity theft timeline 


The frequency of identity theft offences has increased as modernization has happened in any 
field, whether digital or not, as the history of identity theft shows. It is now largely acknowl- 
edged as the fastest-growing illegal enterprise on the planet. People who wished to stay anon- 
ymous or who needed a fresh start would steal your entire identity, including your name, social 
security number, entire family background, career information, and even your life storey. It’s 
probable that this occurred after a murder, when more moral criminals hunted for dead people 
with similar enough identities to assume. “Ghosting” is the term for the process, and it has been 
the subject of numerous books and films. A clever thief can access the victim’s bank accounts, 
apply for new credit cards, and even file fraudulent tax returns. One of the most well-known 
ghosting episodes from the 1930s involved actor Wallace Ford. Phone-based identity theft had 
become a severe problem by the 1960s. The caller would claim that they were phoning to give 
the person lottery winnings or other gifts, but that they needed some personal and financial 
information in order to do so. The offender would then use the information to entirely assume 
the victim’s identity or to commit financial fraud. At this stage, few identity thieves desired to 
depart and start a new life. These were the strategies stated when the term “identity theft” was 
invented in 1964, according to the Oxford Dictionary. By the 1980s, criminals had to evolve. 
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Scams involving phones were well-known, and victims were well-informed. Identity thieves 
began looking for critical personal information in garbage cans outside homes and businesses, 
such as bank statements, credit card offers, invoices, pay stubs, and other revealing documents. 
In the late 1980s, television and print media sufficiently publicized this method for individuals 
and businesses to begin purchasing small paper shredders [15]. In the 1990s, the emergence of 
residential and commercial internet connections opened up a whole new world. Unfortunately, 
identity thieves were up to date as well, and they only cared about one thing: money. Within ten 
years, up to 62 percent of identity theft cases were performed through the internet, according to 
the FTC. By 2011, the majority of data theft was due to hacking, which included the use of 
viruses, malware, and other methods of gaining unauthorized access to computers. This terrible 
new sort of theft prompted a flood of “IDENTITY THEFT PROTECTION” companies to 
spring up. Authorities responded with isolations as the virus spread over the world in 2020, and 
digital trade prospered as internet connectivity lagged. Digital ratification has reduced a five- 
year time period to just two months across the board (McKinsey) [16]. India’s expenditure 
arrangements in the areas of commerce, health management, and E-payments show this 
reversal. This has given criminals a fantastic opportunity to perpetrate crimes like identity theft, 
data privacy violations, and other types of cybercrime without ever having to leave their homes. 
As a result, strong laws to handle this threat should be enacted. Theoretical techniques are 
employed to identify appropriate solutions to the study’s problems [17]. 


2.2 Prevalence of identity theft 


Identity theft, deemed the crime of the century, stands as the most recent and egregious form of 
white-collar crime. Its pervasive nature exposes nearly everyone to the risk, especially as 
instances of data fraud continue to dominate international headlines. Developing countries like 
India are witnessing a rapid increase in such incidents, where personal information is peddled to 
criminals for nefarious purposes. These criminals assume false identities to secure loans, 
employment, cars, housing, and even perpetrate serious crimes, leaving victims in a harrowing 
predicament. The aftermath of identity theft often necessitates legal name and personal infor- 
mation changes, with the majority of the damage inflicted within the initial hours, while the 
process of recovery can span years. The public is increasingly alarmed by the potential for 
reputational harm, financial ruin, and overall life upheaval. Once personal details, including 12- 
digit card numbers and 15-digit account numbers, enter cyberspace, there’s no turning back. We 
become vulnerable targets for savvy criminals seeking quick gains, with identity theft emerging 
as the primary driver of fraud in India, accounting for a staggering 77% of all fraud incidents 
(Experian India, 2016) [18]. The 2017 Experian fraud report underscores Indian consumers’ 
vulnerability to online fraud, with Karnataka reporting over 5,000 cases of online identity theft 
in 2018 alone. Despite mounting concerns, a significant portion of Indians remain unsure of 
how to respond to identity theft incidents, as highlighted by the 2019 Norton Life Lock Cyber 
Safety Insights Report. Moreover, a substantial portion of the Indian population has fallen 
victim to identity theft, exacerbating anxieties surrounding national, financial, internet, and 
personal security. Identity theft has surged to the forefront of Indian security concerns, with 83% 
of respondents deeming it a serious problem (Unisys Security Index, June 24, 2020). 


3 CYBERCRIME STATISTICS AND LEGISLATION - INDIA 


3.1 Cybercrime statistics 


This section of the article will attempt to briefly examine cybercrime data from 2014 to 2018, 
as provided by the National Crime Records Bureau (NCRB), an Indian government agency 
dedicated to serving as a repository of information on crime and criminals. The three types 
of cybercrime recorded on the NCRB website are as follows. That is, situations involving 
cybercrime as defined by the IPC, IT, and SLL Acts. Total offences recorded under the IT Act 
were 7201, total offences reported under the IPC (Cyber related) were 2272, and offences 
reported under SLL (Cyber related) were 149, bringing the total number of reported cyber 
offences to 9622 in 2014. In 2015, there was a significant increase in the graph of cybercrime. 
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The entire number of offences reported under the IT Act was 8045, the total number of offences 
reported under the IPC (Cyber related) was 3422, the number of offences recorded under SLL 
(Cyber related) was 125, and the total number of reported cyber offences under all headings was 
11592. The number of cybercrime offences increased in 2016. Total cyber offences recorded 
under the IT Act were 8613, IPC (Cyber related) offences were 3518, and SLL (Cyber related) 
offences were 186, for a total of 12317 reported cyber offences under all headings. The year with 
the largest number of cybercrime reports was 2017. Total offences reported under the IT Act 
were 13635, total offences recorded under the IPC (Cyber related) were 7976, and the offences 
reported under SLL (Cyber related) were 185, bringing the total number of reported cyber 
offences to 21796. However, the total number of cybercrime incidents decreased somewhat in 
2018. Total offences reported under the IT Act were 18495, total offences recorded under the 
IPC (Cyber related) were 8647, and the offences reported under SLL (Cyber related) were 106, 
bringing the total number of reported cyber offences to 27248. 

Durkheim’s argument was that a person’s feeling of culture and subculture can be one of 
the causes of deviant conduct when they find it difficult to accept the norms of mainstream 
society. Every day, the number of crimes in India increases (NCRB). According to cyber- 
crime statistics from 2014 to 2018, the percentage fluctuation in the number of crimes is 
increasing with each passing year. From 2014 to 2015, there was a 20.5 percent increase, 6.3 
percent increase from 2015 to 2016, 76.9% increase from 2016 to 2017, which was the largest, 
and 25.01 percent increase from 2017 to 2018. 


3.2 Cyber legislation in India 


The surge in cybercrimes and fraudulent activities has spurred the Indian government into 
action to safeguard citizens’ rights, particularly in the realm of cybersecurity. Strengthening 
legislation is underway to shield individuals’ data and privacy from unauthorized access and 
exploitation. Wrongful acquisition of personal information with the intent to cause harm con- 
stitutes a serious offense, often falling under the purview of both the Indian Penal Code, 1860 
(IPC), and the Information Technology Act, 2000 (IT Act). Identity theft, a prevalent cyber- 
crime, is addressed by various provisions of the IPC and the IT Act. Sections such as forgery (sec 
464), making false documents (sec.465), and using forged documents (sec.471) are frequently 
invoked alongside provisions of the IT Act to combat identity theft and related offenses. 
Specifically, the IT Act delineates penalties and provisions to address cybercrimes, including: 

Section 43: Penalty and compensation for computer/operating system damage. 

Section 66: Computer-related offenses. 

Section 66B: Penalty for receiving stolen computer resources or communication equip- 
ment dishonestly. 

Section 66C: Penalties for identity theft. 

Section 66D: Punishment for impersonation using computer resources to deceive. 

Furthermore, recommendations have been made to amend the IPC to incorporate sections 
147A and 419A, which address specific cybercrimes. Section 147A pertains to cheating by utilizing 
another person’s unique identity feature, punishable by imprisonment or fines. Similarly, 
Section 419A deals with cheating by impersonating using a network or computer resource, with 
penalties of imprisonment or fines. Amidst the escalating cyber threats, the government is actively 
refining regulations to safeguard public interests and mitigate risks associated with cybercrimes. 
Enhanced regulations are being implemented to ensure the protection of sensitive personal data 
held by intermediaries and service providers, reinforcing data security and privacy measures. 
These measures aim to fortify the legal framework and empower law enforcement agencies in 
combating cybercrimes effectively while fostering a secure digital environment for all citizens. 


4 CONCLUSION 


The 23rd edition of the “Finger Prints in India” by the National Crime Records Bureau 
(NCRB) for the year 2019 sheds light on numerous cases of impersonation, wherein offenders 
utilized fingerprints to assume false identities for various purposes. Through the utilization of 
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Finger Print Science, both the Central Finger Print Bureau (CFPB) and State Finger Print 
Bureaus (SFPBs) have successfully resolved key cases, illustrating the efficacy of digitization in 
criminal investigations. While digitization offers undeniable benefits such as enhanced pro- 
ductivity and cost reduction, its proliferation also brings forth a dark underbelly in the form of 
cybercrime. The ubiquitous nature of the internet and reliance on technology have empowered 
criminals to target individuals across the globe. With the surge in online transactions comes an 
increased risk of personal information exposure, leading to a rise in identity theft cases, which 
have now become mainstream crimes affecting millions worldwide. Recent statistics from the 
NCRB underscore the alarming expansion of cybercrime each year, reflecting the urgent need 
for robust cybersecurity measures. Despite governmental efforts to grant IDs to Indian citi- 
zens, lapses in data security have led to instances where personal data is exposed to misuse on 
public platforms. While initiatives like Digital India promise a transformative future for every 
citizen, the absence of comprehensive data security and privacy regulations remains a sig- 
nificant concern. Although the Indian government has taken strides to protect citizens’ rights 
by amending laws related to data protection, privacy, and theft, these efforts fall short of 
addressing current needs. There exists a pressing need for more stringent and well-crafted 
legislation to strike a balance between digitization and data protection. Only through con- 
certed efforts to enact robust laws can India effectively navigate the challenges posed by the 
digital age while safeguarding the privacy and security of its citizens. 
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ABSTRACT: This study emphasizes on the potential of block chain based solutions in 
improving Goods and Services Tax (GST) compliance and transparency. The research aims 
to streamline GST processes, improve compliance levels, and enhance transparency in tax 
transactions, by applying block chain technology. This study focuses on highlighting the 
advantages of using the block chain technology in the administration of tax by employing a 
detailed analysis of the application of distributed ledger technology in the GST system. The 
findings of this secondary research are expected to offer valuable insights for policymakers, 
tax authorities, and businesses looking to improve GST compliance and transparency 
through innovative technical solutions. Block chain technology has shown promising results 
in different sectors, and its use in the administration of tax could significantly contribute to 
encourage a more transparent tax environment. 
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1 INTRODUCTION 


In the times of technical advancements and revolution and digitization, using block chain 
technology and Artificial Intelligence (AI) has become increasingly ubiquitous across dif- 
ferent sectors of the economy. In the recent decades, the desire for more effective, simplified, 
speedy and transparent ways of revenue collection has led to considerable changes in the tax 
industry. The acceptance of the Goods and Services Tax (GST) in several countries 
throughout the globe is one noteworthy move on this issue [1]. The consumption-based GST 
system, which has become a pillar of contemporary tax structures, has completely changed 
the imposition and collection of taxes on goods and services by the government. Parallel to 
this, block chain one of the prominent and ground-breaking technology which first appeared 
in 2008, has been rapidly gaining popularity across different industries [2] because of its 
ability to fundamentally change how transactions are recorded, validated and safeguarded as 
it is one of the unblemished digital ledger [3]. Utilizing Block chain technology is crucial for 
developing nations like India [4]. In order to solve a number of issues and inefficiencies in 
this paper we focus on how block chain technology may be used to increase accountability, 
decrease tax evasion, and promote transparency within the GST ecosystem. By automating 
procedures and cutting administrative expenses, our study shows how block chain integra- 
tion may result in considerable cost savings for enterprises as well as government organiza- 
tions. This study highlights the need for flexible laws and policies as it examines the 
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regulatory advantages and disadvantages brought about by the integration of block chain 
technology with GST. 


2 LITERATURE REVIEW 


The Indian federal three-tiered tax system, as outlined by Paramashivaiah [5], features the 
implementation of the Goods and Services Tax (GST), a destination based tax applied 
throughout the manufacturing and distribution process. The GST system streamlines taxa- 
tion, reduces cascading of taxes, improves compliance, and fosters economic growth 
worldwide. Its adoption has boosted tax collections, curbed tax evasion, and eased com- 
pliance costs. Integrating GST with advanced technology like block chain could further 
improve efficiency, combat corruption, and enhance payment processes. Block chain, also 
known as distributed ledger technology, revolutionizes transaction and record-keeping 
methods with its decentralized and immutable approach. It works as a secure distributed 
digital ledger, recording transactions across a network of computers without the main 
authority. Block chain serves as a certified database, validated by a broad community, 
eliminating the dependence on a single central entity [3,21]. 
The block chain holds captivating features for designing effective taxation systems: 


(1) Distributed System: Block chain is a decentralized and distributed system which ensures 
no single authority controls the system, which further enhances reliability and reduces 
vulnerability [4]. 

(2) Immutability: Once data is updated on the block chain, it becomes unchangeable, 
ensuring the integrity of the historical records [21]. 

(3) Transparency: The data updated on block chain can be viewed by all the parties which 
promote confidence and trust in the system. 

(4) Security: Block chain is unaffected by fraud and manipulation since it uses digital sig- 
natures and cryptography [6]. 

(5) Smart Contracts: The autonomous smart contracts built into the block chain streamline 
and automate a number of activities, removing the need for intermediary in the regula- 
tion and implementation of transactions. 


Block chain technology combined with GST has the potential to enhance tax adminis- 
tration through amplified speed, security, efficiency, and transparency. We will explore the 
possible advantages, disadvantages and long-term effects of combining block chain with 
GST in the following segments. 


2.1 Advantages of a block chain-centric GST system 


(1) Improved Transparency and Accountability: Block chain guarantees transparent GST 
transactions recorded on an immutable ledger, permitting real-time access to tax 
authorities and allowing taxpayers to authenticate payments [7]. 

(2) Reduced Tax Evasion and Fraud: Traceable and immutable transactions on the block 
chain enable easy detection of tax evasion or fraud attempts. Smart contracts auto- 
matically compute and deduct GST, reducing manipulation [8]. 

(3) Efficiency Gains in Administration: Automation through smart contracts make GST 
processes simple, reducing paperwork, data entry faults, and administrative burdens for 
both taxpayers and authorities. 

(4) Streamlined Cross-Border Transactions: Block chain facilitates cross-border transac- 
tions by providing a solo ledger accessible to tax authorities. Smart contracts handle 
GST rates and currency conversion, potentially decreasing the requirement for inter- 
mediaries and dropping the transaction costs. 
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2.2 Challenges and considerations 


(1) Privacy and Data Protection Concerns in a Transparent Block chain System: The immut- 
ability of a block chain, however useful, presents privacy problems and obstructs data 
updates. Although pseudonymity defends anonymity, trends might disclose user identity. 
Block chain GDPR compliance advances issues with openness and the right to be forgotten. 

(2) Scalability Issues and Energy Consumption in Block chain Networks: With more 
transactions, block chain scalability is a concern, posing a challenge to platforms like Bit 
coin and Ethereum [9]. Environmental issues are brought up by energy usage, particu- 
larly in PoW (Proof of work) block chains [20]. 

(3) Regulatory and Legal Challenges in Implementing Block chain-Based Taxation: Many 
countries lack clear regulations, which make it problematic to implement block chain 
technology for taxes and generate compliance issues. The legal recognition of smart 
contracts, cross-border jurisdictional issues, and upholding AML and KYC compliance 
are challenging jobs. 


3 CASE STUDIES 


3.1 Estonia’s e-residency and block chain based tax system 


Background: The proactive orientation to online management in Estonia is recognized widely. 
This nation has accepted a system based on the block chain for a number of administrative 
processes, particularly taxation. Through Estonian e-Residency, non-residents can create and 
carry businesses online, boosting their nation’s economy and base of taxes [19]. 

Implementation: To guarantee accuracy and openness, Estonia’s Taxation and Customs 
Board applied block chain technology into its tax system. Through a harmless block chain 
based platform, organizations and individuals may recover their fiscal tracks, file returns, 
and keep track of their tax responsibilities. 


3.2 Outcomes and lessons learned 


(a) Increased Transparency: Block chain technology has significantly increased tax trans- 
parency by safeguarding individual privacy while making all taxation-related processes 
and information freely available. 

(b) Reduced Administrative Burden: Smart contracts’ automation of tax procedures has 
decreased the administrative burden on revenue agencies and taxpayers, resulting in 
cost savings. 

(c) International Interest: Automation of smart contracts has revolutionized the adminis- 
tration of the taxation system which has significantly reduced the cost and load of the 
administration. 

(d) Security and Privacy: While block chain has improved security, concerns persist 
regarding the privacy and safety of data. Estonia’s cyber security policies and laws have 
to be updated from time to time. 

(e) Scalability: As the e-Residency initiative enlarges, it has become increasingly proble- 
matic to guarantee the scalability of the infrastructure of the block chain. 


3.3 Australia’s block chain-based GST system for cross-border trade 


3.3.1 Background 

Australia is a country with a complex GST system, especially for cross-border trade. In an 
effort to simplify and streamline the process, the Australian government explored block 
chain technology. 
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3.3.2 Implementation 

To develop a block chain based platform for international commerce, the Australian 
Taxation Office (ATO) united with the industry stakeholders. This software facilitates 
prompt payments, accelerates calculation of GST, and allows customs and tax authorities to 
follow the movement of products. 


3.3.3 Outcomes and lessons learned 


(a) Efficiency Gains: Both the industries and the government have benefited from the 
block chain based systems. There is a dramatic reduction in mistakes and delays in 
cross-border GST transactions. 

(b) Increased Compliance: This system is open and automated, which has increased com- 
pliance and decreased the chance for evasion of taxes. 

(c) International Collaboration: Due to the proposal of Australia, other nations are also fasci- 
nated in developing a global outline for international taxes using block chain technology. 

(d) Data Sharing Challenges: It has proven difficult to ensure safe transmission of infor- 
mation while upholding data privacy across many parties. 

(e) Regulatory Adaptation: To take into consideration the special features of the tech- 
nology, legislative reforms and continuing alterations were necessary for the deploy- 
ment of block chain. 


The above mentioned case studies show how block chain technology may significantly 
improve the openness, effectiveness, and adherence in the GST system. They also draw 
attention to the requirement of ongoing adaptation to deal with problems with safety, con- 
fidentiality, scalability, and regulatory compliance. Other nations are also thinking about 
implementing comparable block chain based GST systems in their economy. 


4 FUTURE PROSPECTS AND SPECULATION 


Block chain technology has the potential to prepare for a taxation system worldwide that 
transcends borders and jurisdictions. Here are some considerations: A global block chain 
based taxation system could inaugurate standardized tax rules and rates, making it easier for 
organizations and individuals to direct taxation across various countries. The transparency 
and traceability of the block chain can significantly reduce tax evasion in cross-border 
transactions, ensuring that governments collect their fair share of revenue. Implementing a 
global block chain based taxation system would necessitate international cooperation, 
agreement on tax rules, and robust cyber security measures to safeguard sensitive 
financial data. 

Implications for Tax Authorities, Businesses, and Individuals: The Block chain centric 
taxation system would have significant inferences for various stakeholders: Tax authorities 
would benefit from real-time access to transparent, tamper-proof transaction data, allowing 
more accurate revenue collection and reduced tax fraud. However, they would need to 
become accustomed of their practices and ensure data confidentiality. 

How Block chain could reshape the Role of Intermediaries in Taxation: Block chain 
technology has the potential to interrupt the outdated roles of mediators in taxation: The 
automation and transparency of block chain can reduce the requisite for intermediaries like 
tax consultants, auditors, and accountants, potentially lowering compliance costs. While 
some traditional intermediaries may realize reduced demand, new roles linked to block chain 
technology may emerge. Experts in block chain taxation, compliance monitoring, and smart 
contract auditing could be in demand. Intermediary firms may need to adapt their business 
models to provide value-added services related to the block chain based taxation systems, 
such as consulting on block chain incorporation and cyber security. The successful evolution 
to block chain centric taxation system will be determined by the ability of tax authorities, 
industries, and individuals to hold and adjust to the transformative technology. 
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5 RISKS AND MITIGATIONS 


(1) Privacy Concerns: The transparency of the block chain can compromise with the privacy 
of taxpayers, as transactions are visible to all the participants of the network. By 
implementing the privacy-enhancing technologies like zero-knowledge proofs or con- 
fidential transactions the confidential information of the taxpayer can be protected. 

(2) Data Security: Despite block chain’s inherent security, susceptibilities in smart contracts 

or data breaches can expose sensitive tax data. By using severe security protocols, con- 

ducting regular security audits, and ensuring strong encryption can secure data integrity. 

Scalability Challenges: As the volume of transactions on the block chain increases, 

scalability concerns may arise, causing interruptions and blockages. By employing 

scaling solutions, such as sharding or layer 2 solutions, can look after the growing 
volumes of transactions. 

(4) Legal and Regulatory Compliance: Tax laws and regulations may not align with block 
chain technology, leading to legal disputes and non-compliance issues. By collaborating 
with lawmakers and regulatory bodies we can develop and update tax laws that 
accommodate block chain technology. 

(5) Smart Contract Bugs: Errors or vulnerabilities in smart contracts could lead to incorrect 
tax calculations or fund mismanagement. By conducting thorough code audits, testing 
smart contracts extensively, and implementing upgraded mechanisms, vulnerabilities can 
be fixed promptly. By proactively addressing these risks and implementing robust miti- 
gation strategies, stakeholders can harness the benefits of a block chain-centric GST 
system while minimizing potential drawbacks and vulnerabilities. 
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6 RESULT 


On the basis of this study, it can be concluded that to implement block chain technology in 
the GST system the permissioned encrypted block chain type may be used. With the use of 
this kind of block chain technology, the government is able to operate a private system that 
is nevertheless adaptable, enabling it to identify nodes and the degree of authority they 
possess inside the block chain network. 

The integration of block chain technology inside a Goods and Services Tax (GST) fra- 
mework has the capacity to provide revolutionary results. It is projected that the imple- 
mentation of block chain technology would lead to enhanced operational efficiency by 
simplifying tax procedures via automated functions like compliance and verification checks 
carried out by smart contracts. This move towards automation is expected to improve 
accountability and transparency in the GST system in addition to cutting processing times. 
The immutability of data stored on the block chain reduces the possibility of fraud and 
mistakes by ensuring an open and auditable trail. In addition, the research anticipates a 
noteworthy decrease in cases of tax fraud and evasion due to the intrinsic security char- 
acteristics of block chain, including data immutability and cryptographic protocols. The use 
of technology to streamline cross-border transactions may result in increased tax revenue 
collection and financial savings for government organizations and taxpayers alike. 
Additionally, the study may support international collaboration and the development of a 
more standardized approach by promoting worldwide standardization in block chain-based 
taxation systems. The report does, however, identify significant obstacles, such as legal 
restrictions and technological constraints, and makes suggestions for how to deal with them. 
A key indicator of the practical viability of block chain technology in actual GST applica- 
tions would be user acceptability and adoption success. The study may also clarify the policy 
and legal ramifications of using block chain technology, offering insights into the legal fra- 
meworks and modifications needed in tax laws. The study’s effectiveness ultimately rests on 
how applicable it is to real-world situations. Shown in Figure 1 
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Figure 1. The procedure for integrating block chain technology. 


7 CONCLUSION 


In conclusion, this study has discovered the transformative possibilities of block chain 
technology in the context of Goods and Services Tax (GST) and the taxation systems 
worldwide. In spite of its potential benefits, the adoption of block chain in taxation system 
presents challenges connected to the data privacy, scalability, regulatory adaptation, and the 
potential need for significant changes to the existing tax systems. Block chain has the power 
to surpass borders and promote international cooperation in taxation. It can simplify cross- 
border transactions and create opportunities for global standardization in tax rules and 
rates. However, this transformative potential is not without its challenges. Privacy concerns, 
scalability issues, and regulatory adaptations must be carefully addressed to ensure that the 
benefits of block chain in taxation are fully realized while minimizing risks. Block chain 
technology has huge promise for eliminating technological flaws and increasing taxpayer 
efficiency in complying with GST. The use of distributed ledgers in GST and taxing systems 
has the potential to create a more effective, transparent, and internationally linked taxation 
environment. As governments and organizations continue to explore and implement block 
chain solutions, they should do so with a clear understanding of both the opportunities and 
challenges, working collectively to shape the future of taxation. 
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ABSTRACT: The present article has addressed how AI algorithms are utilized in con- 
temporary IT systems to deal with a vast quantity of data, especially within the realm of 
network security. Our specially area is AI to learn and classifying from Network Traffic 
pattern, in other words which you are going to take about the things on how we can prevent 
carry over of data with cyber threat. “The developed two-stage model showed a good clas- 
sification accuracy for network traffic identification, making the performance significantly 
better than other classical approaches.” [37] Performance of the AI based solution is 
demonstrated using an already available dataset and results are compared with recent work 
to show the Internet-based traffic clustering model’s excellence in cyber security. 


Keywords: Cybersecurity, AI Algorithms, Network Traffic Classification, Ensemble Model, 
Cyberattacks and Class Imbalance 


1 INTRODUCTION 


IS also accrue an ever increasing amount of data each year, managing 3this number, and 
using it to deploy their own distinctive operational paradigms. IS can, depending on its core 
functions, access stored data or simplify internal processes. Consequently, the kind of data 
an IS handles ranges from diverse and relevant to specific sectors: education, finance, food, 
health, computer vision and so forth. With the increasing volume of data processed in 
information systems, it has been necessary to develop methods for processing vast amounts 
of data [2]. In this scenario, AI plays a major roll (and I am talking about what is called 
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General AI the one that acquires knowledge and makes decisions since Mahout is not in 
charge of getting the data) [3]. These traditional IS can be, thus, made intelligent and new 
form user interaction with IS is as way of enabling it to conventional system through inte- 
gration of AI frontend technologies. Applications of AI to IS are numerous and varied [4]A 
very important field where AI is highly advantageous is enforcing or promoting IS security, 
since intrusion detection systems can be established using artificial intelligence, no matter if 
the stored data are of any kind. The main objective of intrusions on the IS network aimed at 
taking advantage of its vulnerabilities to carry unauthorized activities is fraudulent. IDS’s 
are responsible for identifying malicious activities or abnormal behavior which is generated 
when a user wants to utilize these IDS systems by tracking, and categorizing the network 
traffic. In this manner, Federated learning applications that may manage an information 
perspective under protection would inactively add to making they secure. Finally, and with 
combining both supervised-based intrusion detection models with unsupervised techniques 
in a semi-supervised approach to enhance the efficiency and capability of such current IDSs. 
Other than the above benefits, whats interesting to note is that we can use this technique for 
safety area where it’s very difficult to get Label data. Any classification system developed on 
a dataset where one class overwhelmingly outnumbers the rest, then such an instance could 
lead to a class imbalance problem in artificial intelligence. [5] Hence, the case takes place 
when classifier becomes a biased one and always predict class which is dominant in large 
number. In a binary classification context [6], It might be necessary to balance classes in a 
classifier when determining normal and rare categories (class imbalance), for which one can 
over-sample under-represented classes, under-sample over-represented ones, or a combina- 
tion of both. The difficulty is enhanced in multiclass classification because simple sampling 
might change the overall distribution leading to a performance issue. If not properly 
resolved, imbalance will result in the classifier losing the ability to effectively classify the 
various classes of intrusion. It heavily influences the strategy of minority class detection in 
terms of reliability and trustability. 


2 RELATED WORKS 


Research has been carried out on Intrusion Detection System (IDS) in the recent years. This 
is because a lot of smart devices have come into picture and also increased types of cyber- 
attacks have been evolved. A variety of IDS systems were developed to fight against an 
attack, which pioneers its classification from classical classifier that classify normal behavior 
and attacks or classified different patterns of attacks with multiclass classification method. 
Researchers have examined different strategies as well, such as relying on genetic mutations 
and artificial neural networks for deep learning models. Besides cluster models and voting 
model are also used for increaning accurate IDS. Finally, a two-step classification approach 
is recommended and evaluated based on the model’s appearance first judgment before 
employing typical algorithms to determine entire attacker types. Therefore, studies have also 
been conducted on the integration of deep learning models to enhance the quality of IDS 
results. The efforts in IDS research would ultimately improve the capability to detect an 
attack and facilitate the system in identifying and halting it effectively. 


3 PROPOSED METHODOLOGY 


In this study, a classifier was developed using pairwise models trained with existing techni- 
ques to detect and classify network activities from the UNSW-NBI15 dataset, containing 
2,540,444 samples with over 87% in the “average” category. The dataset was split into test 
and training parts, categorized into models, services, management, and attack storages of 44 
features. Machine learning and deep learning algorithms (KNN, SVM, MLP) were 


163 


implemented using Python libraries such as Pandas and Numpy. Grid search and cross- 
validation were employed to optimize parameters. Experiments ran on a PC with Intel Core 
17-9750H CPU (2.60 GHz) and 16 GB of RAM. Incremental processing included data 
configuration, optimized cleaning, and numerical feature standardization. A unique ID was 
assigned to prevent duplicate data. Ten binary classification models were built, one for each 
of the 10 unique movement types. This involved selecting datasets, configuring algorithms, 
training models, and evaluating performance to choose the optimal model. Training and test 
sets were balanced to ensure an equal number of samples for each vehicle type, resulting in 
balanced training datasets. The article provides a step-by-step guide to creating and testing 
binary classification models for network activity detection using various machine learning 
and deep learning techniques on the UNSW-NBIS5 dataset. The study aimed at building a 
classifier model for identification of network activity as well as its containing from people 
who are on an IDS knowledge base through developing of one class classifiers. Proposed two 
stage model is shown in Figure 1. 
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Figure 1. Proposed two stage model. 


4 NUMERICAL RESULTS 


This section of the study demonstrates the use of machine learning (ML) and deep learning 
(DL) techniques in classifying vehicles into nine attack types and operational modes. The 
process involves conducting experiments to develop binary grids, select the best path, and 
determine the optimal configuration for classification. The system’s performance is eval- 
uated against two strategies and compared to similar studies in the region, with a focus on 
computational time. Table 1 presents the evaluation metrics for the trained classifier, 
showing high accuracy and precision for most categories, especially shell attack inspection. 
The system achieves an overall detection rate of over 0.91, with some categories like DoS, 
Exploits, and Fuzzer showing lower accuracy. Overall, the model demonstrates strong per- 
formance in vehicle detection and classification, with many units exceeding 0.85 accuracy. 
The study evaluated three methods for classification tasks: group, weight, and expert. The 
expert approach showed the best performance in binary classification with a high accuracy 
of 92.92% and low FPR. The weighted method performed well in multi-class classification 
with stable recall and precision. The Ensemble method had lower precision but consistent 
performance across different classes. The study used grid search and cross-validation for 
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Table 1. Evaluation of binary models grouped by traffic and algorithm. 


Category Algorithm Accuracy Precision Recall Fl Measure 
Analysis K-Nearest Model 0.7918 0.7986 0.7918 0.7901 
SVMs 0.8017 0.8501 0.8017 0.7934 
Decision Tree 0.8312 0.8388 0.8312 0.8298 
Analysis K-Nearest Model 0.7918 0.7986 0.7918 0.7901 
Backdoor K-Nearest Model 0.7925 0.8092 0.7925 0.7891 
SVMs 0.8047 0.8154 0.8047 0.8026 
Decision Tree 0.8553 0.8747 0.8553 0.8530 
DoS K-Nearest Model 0.7015 0.7011 0.7015 0.7007 
SVMs 0.7740 0.7761 0.7740 0.7723 
Decision Tree 0.7507 0.7602 0.7507 0.7457 
MLP 0.7907 0.7936 0.7907 0.7909 
Exploits K-Nearest Model 0.7398 0.7464 0.7398 0.7414 
SVMs 0.7697 0.7702 0.7697 0.7699 
Decision Tree 0.8041 0.8170 0.8041 0.7962 
MLP 0.7983 0.7975 0.7983 0.7963 
Fuzzers K-Nearest Model 0.8000 0.8063 0.8000 0.8004 
SVMs 0.8127 0.8247 0.8127 0.8128 
Decision Tree 0.7970 0.8133 0.7970 0.7967 
MLP 0.8005 0.8002 0.8005 0.8002 
Generic K-Nearest Model 0.9780 0.9789 0.9780 0.9781 
SVMs 0.9791 0.9798 0.9791 0.9792 
Decision Tree 0.9835 0.9839 0.9835 0.9835 
MLP 0.9812 0.9817 0.9812 0.9813 
Normal K-Nearest Model 0.7964 0.8396 0.7964 0.7999 
SVMs 0.8276 0.8469 0.8276 0.8304 
Decision Tree 0.9112 0.9112 0.9112 0.9112 
MLP 0.8696 0.8825 0.8696 0.8714 
Reconnaiss ance K-Nearest Model 0.8378 0.8377 0.8378 0.8377 
SVM 0.8844 0.8855 0.8844 0.8845 
Decision Tree 0.9183 0.9255 0.9183 0.9183 
MLP 0.9136 0.9206 0.9136 0.9136 
Shellcode K-Nearest Model 0.8955 0.9054 0.8955 0.8949 
SVMs 0.9299 0.9355 0.9299 0.9297 
Decision Tree 0.9643 0.9644 0.9643 0.9643 
MLP 0.9325 0.9355 0.9325 0.9324 
Worms K-Nearest Model 0.8764 0.8766 0.8764 0.8764 
SVMs 0.8764 0.8766 0.8764 0.8764 
Decision Tree 0.8876 0.8885 0.8876 0.8876 
MLP 0.8876 0.8884 0.8876 0.8876 


optimization and reproducibility, ensuring results are consistent across multiple runs. The 
expert classifier achieved a low FPR, important for intrusion detection systems to avoid false 
alarms. The evaluation involved a two-stage binary classification model, with accurate 
classification of specific categories like Usage and General. However, challenges arose in 
distinguishing between similar attacks like DoS scenarios and exploit attacks. The study 
provides insights into the successes and challenges of intrusion detection systems, high- 
lighting the importance of accurately identifying network behavior to differentiate threats 
from normal traffic. Further research is needed to improve the models’ accuracy in classi- 
fying subtle changes in network behavior. 


5 CONCLUSION 


A novel approach to detect cyberattacks in the UNSWNBIS5 dataset is presented in this 
article, creating a networked cybersecurity framework. Our research uses specific binary 
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models to identify network traffic kinds, unlike previous research. Our model achieves 
remarkable binary classification accuracy, detection rate (DR), and F1 scores above 0.91, 
with a low false positive rate (FPR) of 0.085. It separates legitimate from attack traffic. Our 
approach also has high accuracy and F1 scores, exceeding 0.98 for Generic and 0.9 for 
Reconnaissance and Shellcode. Our ensemble model outperforms state-of-the-art multiclass 
classification approaches with Accuracy, DR, and F1 values of 0.7605, 0.7604, and 0.7754. 
Significantly, our technique helps firms identify IT infrastructure-related assault types. 
Analysis, Backdoor, DDoS, and Worms are difficult to detect, thus organizations prioritize 
countermeasures. Our method has drawbacks. It can take a lot | of resources to train a 
classifier for every class during hyperparameter tuning, particularly when working with 
multi-category datasets. Identifying the hardest categories or knowing these assaults’ traits 
might help prevent this. Dataset generation with optimal feature selection can reduce this 
concern. Furthermore, a strong first-stage model is crucial to our two-stage model’s accu- 
racy. Using a deep learning model for the early stage improves our suggested approach’s 
efficiency. Despite these limitations, our research shows that in-depth exploration can 
improve things. 
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ABSTRACT: This work focuses on the AI powered Transaction Network and Behaviour 
Analysis for Detecting and Preventing Money Laundering Activities. Materials and Methods: 
The present study involved two groups. Group 1 refers to an Ensemble algorithm that includes 
Cat-Boost and Light, while Group 2 refers to a Deep Learning method that uses Long Short- 
Term Memory (LSTM) networks to evaluate transactional data and detect suspected money 
laundaring activities. Result: The novel AI Powered Transactional Network and Behavior 
Analysis to Detect and Prevent Money Laundering Activities using LSTM involves analyzing 
and interprating the results obtained from the system’s implementation and evaluating its per- 
formance and best frequency for greatest gaining percentage 99.871%. Conclusion: This 
research confirms that the novel is a sophisticated system designed to address the challenge of 
detection and preventing the money laundering activities in bank transaction. 


Keywords: Money laundering, Financial, Machine Learning, Transactional, Network, 
Data, System, Analysis’s 


1 INTRODUCTION 


Money laundering is the illicit technique of presenting significant sums of money earned by 
criminal activities, such as drug trafficking or terrorist funding, as coming from a legitimate 
source [1]. The proceeds from illicit activities are regarded unclean, and the process “launders” 
them to make them appear clean. This study investigates how as technology advanced and e- 
commerce services developed, credit cards became one of the most popular payment methods, 
resulting in an increase in amount of banking transactions [2]. The purpose of the study is to 
evaluate related risk factors and examine notable shifts in money laundering techniques among 
various nations. It also looks into how well the UAE’s anti-money laundering laws work and 
how specialized AML units are put in place to stop these kinds of activities [3]. The author 
presents a two-phase intelligent strategy to identify suspicious money laundering accounts from 
transaction data by using machine learning and data analysis. It finds accounts in the first phase 
employed to minimize the size of the elements of antenna. On with a recall rate of 26.3%, much 
higher than the 8.6% rate required by Taiwan’s Money Laundering Control Act [4]. Using 
datasets from Kaggle and sentiment analysis with Google Cloud Artificial Intelligence 
AutoML, this study presents a novel method for analyzing data for suspicious behaviors and 
customer interactions in anti-money laundering systems [5]. This study employs a tailored 
dataset of 10,000 transactions for analysis using big data analytics techniques to identify 
transactions within the financial system as illegal or not. With R software and the customized 
dataset, the study finds a substantial accuracy of 0.8125 in identifying money laundering 
operations using logical operators, if-else conditions, and the Naive Bayes classifier [6]. 
Various studies employ big data analytics techniques to identify illegal transactions, 
achieving substantial accuracy rates. Social network analysis is utilized to detect 


DOI: 10.1201/9781003559092-29 167 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


collaborative money laundering trends, emphasizing centrality criteria and community 
detection algorithms. Compliance with international regulations is crucial for financial 
institutions to prevent services to criminals and terrorists, with ongoing efforts to enhance 
detection through advanced algorithms like Long Short-Term Memory networks [7]. This 
study employs a tailored dataset of 10,000 transactions for analysis using big data analytics 
techniques to identify transactions within the financial system as illegal or not. With R 
software and the customized dataset, the study finds a substantial accuracy of 0.8125 in 
identifying money laundering operations using logical operators, if-else conditions, and the 
Naive Bayes classifier [8]. This study focuses on group activity inside datasets and uses social 
network analysis to find collaborative money laundering trends. The research examines the 
placement, layering, and integration patterns of money laundering transactions to identify 
kay offenders and collaborators using centrality criteria and community detection algo- 
rithms [9]. The association between money laundering and the financing of terrorism varies 
by place; some confuse the two, while others cast doubt on the practice entirely and even 
express worries about potential violations of human and civil rights resulting from anti- 
money laundering (AML) efforts. Notwithstanding these discussions, money laundering is 
still prohibited in many nations [10]. This section highlights various crimes involving bites. 
This study proposes a way to detect money laundering among different Bitcoin-related 
offenses by concentrating on money laundering-related services [11]. International regula- 
tions must be followed by financial institutions to guarantee that they don’t give services to 
terrorists and criminals. Additionally, in order to identify questionable activity, they must 
constantly watch bank transactions [12]. Nancy foundering has a history of being linked to 
criminal behaviour. As a result, many countries consider stopping money laundering to be 
an essential goal [13] [14]. From the previous findings, the Ensemble algorithm has con- 
cluded that the low efficiency and accuracy level is low at 51.85%. A Recurrent Neural 
Network is a crucial element to consider while in the money laundering process. This study’s 
objective is to use a unique Long Short-Term Memory to increase gain, and performance 
analysis is done by contrasting it with Ensemble algorithm. 


2 MATERIALS AND METHODS 


This research defines attainment of high gain of efficiency using Recurrent Neural Network 
and performance comparison is done with the Ensemble algorithm. Recurrent neural net- 
work modelling sequential data, such as transactional data in the context of anti-money 
laundering [15]. In the current research, Group 1 refers to an Ensemble algorithm including 
CatBoost, Light GBM. Limited availability of labelled data for training machine learning 
algorithms and Scalability concerns as transaction volumes and data complexity increase 
[16]. Group 2 refers to a Recurrent Neural Network to improve detection of complex pat- 
terns and behaviour Table 1. Supports real time monitoring and gaining accuracy in iden- 
tifying potential Money Laundering activities. 


Table 1. The import and explore dataset module is a crucial component of the AMLBot system, 
responsible for importing the transactional dataset and performing initial exploration and visualization 
to gain insights into the data. 


Type Amount Old Balance New Balance Name Despotie 
PAYMENT 9839.64 170136.0 160296.29 M197978715 
PAYMENT 1024.67 21249.0 19384.72 M204428222 
CASH_OUT 6789.70 181.0 0.0 C553264065 
TRANSFER 9078.64 181.0 0.0 M123070170 
PAYMENT 8906.12 41554.0 29885.89 M573487249 
CASH_OUT 5467.08 53860.0 46042.90 M456709829 
PAYMENT 9078.30 6745.09 183195.0 M63332678 
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Table 2. A transactional dataset table to identify data types and visualize the non-null count for each, 
ensuring accurate data type understanding. Utilize non-null counts in visualizing the dataset to gain 
precise inights into data types employed in the transactional dataset. 


Column Non-Null Count Data type 
Step 3630 <class ‘int’> 
Type 3630 <class ‘str’> 
Amount 3630 <class ‘float’> 
Old balance 3630 <class ‘float’> 
New balance 3630 <class ‘float’> 


Name deposit 3630 <class ‘float,> 
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Figure 1. Money laundering works. 


The transfer of funds obtained through illegal conduct into the same line of work for 
financial purposes is knowns as first entry. Layering is the process of transferring money 
over time through a number of different transactions, investments, and business ventures in 
order to virtually eliminate the possibility of tracking it down to its unlawful source. Final 
integration occurs when funds are spent freely and lawfully without needing to be further 
hidden. 
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Figure 2. Amount transaction graph. 
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Figure 2 The Feature Extraction module in the AML Bot system utilizes the co- 
occurrence matrix technique to extract relevant features from the pre-processed transac- 
tional dataset. This module aims to capture the relationships and patterns between different 
elements in the dataset, providing valuable information for money laundering detection. 


3 RESULT 


The extremely improved gain for the AI Powered Transactional Network and Behavior 
Analysis to Detect and Prevent Money Laundering Activities using Long Short-Term 
Memory involves analyzing and interpreting the results obtained from the system’s imple- 
mentation and evaluating its performance. This aims to provide insights into the effective- 
ness of the money laundering activities are identified and stopped using the AMLBot system 
presentation of the performance analysis evaluation measures, including recall, accuracy, 
precision, and Fl-score. Discussion on the performance of the AMLBot system in classifying 
transactions as legitimate or potential money laundering activities. Comparison of the results 
with the desired system goals and objectives. Identification of any limitations or challenges 
faced during the analysis. The novel AI Powered Transactional Network and Behavior 
Analysis to Detect and Prevent Money Laundering Activities using LSTM involves ana- 
lysing and interpreting the results obtained from the system’s implementation and evaluating 
its performance and best frequency for greatest gaining and preventing money laundering 
activities. Identification of patterns, trends, or key features that contribute to the successful 
detection of money percentage 99.871%. Discussion on the significance of the results and 
their implications for detecting laundering transactions. Table 1 The Import and Explore 
Dataset module is a crucial component of the AMLBot system, responsible for importing 
the transactional dataset and performing initial exploration and visualization to gain insights 
into the data. 

Analysis of false positives and false negatives to identify potential areas of improvement in 
the system. Identification and discussion of any limitations or constraints of the AMLBot 
system. Consideration of factors that may impact the accuracy and effectiveness of the sys- 
tem, such as data quality, sample size, or algorithm performance. Suggestions for possible 
enhancements or future research directions to address the identified limitations. The Results 
provides a comprehensive analysis and interpretation of the AMLBot system’s performance, 
contributing to the understanding of its effectiveness in detecting and preventing money 
laundering activities. It forms a basis for further research and development to enhance the 
system’s capabilities and address any identified limitations. 


4 DISCUSSION 


The innovative Money laundering algorithm yields a far higher benefit than the Ensemble 
approach, which uses the CatBoost and is inefficient. The research findings indicate a sub- 
stantial improvement over previous investigations. The total gain is obtained in high effi- 
ciency is 98.871%. To decrease the level of fraud Money transaction and for an improved 
period of evolution operation compact. A more nuanced approach to identifying suspicious 
activity is provided by the use of spatio-temporal-based analysis in bank transactional net- 
work behavior, especially when it comes to money laundering [17]. Table 2 A transactional 
dataset table to identify data types and visualize the non-null count for each, ensuring 
accurate data type understanding. Utilize non-null counts in visualizing the dataset to gain 
precise insights into data types employed in the transactional dataset. 

Financial institutions can obtain a thorough understanding of complex behaviors by 
combining both the temporal evolution of transactions and the geographical interactions 
between entities. One of the most important Anti-Money Laundering (AML) responsibilities 
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for financial institutions is to monitor financial transactions. To lower the high rate of false 
positives, machine learning-based transaction monitoring systems have effectively sup- 
plemented conventional rule-based systems in recent years [18]. With this method, 
abnormalities like erratic transaction patterns and abrupt shifts in the dynamic of the 
network can be identified, which are crucial markers of possible illegal activity. Figure 2. 
Amount Transaction Graph the Feature Extraction module in the AMLBot system uti- 
lizes the co-occurrence matrix technique to extract relevant features from the pre-pro- 
cessed transactional dataset. This module aims to capture the relationships and patterns 
between different elements in the dataset, providing valuable information for money 
laundering detection. 

Recurrent neural networks (RNNs) are a good option for modelling temporal depen- 
dencies because they can capture the dynamic nature of financial transactions, where pat- 
terns may emerge over time. One of the most important Anti-Money Laundering (AML) 
responsibilities for financial institutions is to monitor financial transactions [19]. To lower 
the high rate of false positives, machine learning-based transaction monitoring systems have 
effectively supplemented conventional rule-based systems in recent years. The spatio- 
temporal approach acknowledges that financial transactions are dynamic networks formed 
by entities engaging in complex interactions over time, rather than isolated events. In this 
network, edges signify transactions, and nodes can represent banks or account holders. The 
focus of this plan is on cyber-pornography and obscenity, which includes distribution of 
sexually explicit content or saline publications that violate English obscenity and indecency 
laws. The relationships between these entities are captured by the spatial dimension, while 
their temporal evolution is captured by the temporal dimension. The model obtains a com- 
prehensive picture of the transactional environment through the integration of both dimen- 
sions. Initial entry or placement is the initial movement of an amount of money earned from 
criminal activity into some legitimate financial network or institution. Figure 1. Layering is 
the continuing transfer of the money through multiple transactions, forms, investments, or 
enterprises, to make it virtually impossible to trace the money back to its illegal origin. Final 
integration is when the money is freely used legally without the necessity to conceal it any 
further. 

Scope for future research for further enhancement and expansion. Here are some potential 
areas for future development [20]. Integration with External Data Sources, Incorporate 
external data sources such as regulatory databases, watch lists, or public records to enrich 
the feature set and enhance the model’s ability to detect suspicious activities. Real-time 
Monitoring and Alerting, Develop a real-time monitoring system that continuously analyses 
incoming transactions and provides immediate alerts and notifications when potential 
money laundering activities are identified. This allows for proactive intervention and timely 
prevention of illicit transactions. Integration with Anti-Money Laundering Systems, 
Integrate AMLBot with existing anti-money laundering systems used by banks and financial 
institutions to provide a comprehensive solution for money laundering detection and pre- 
vention. Global Expansion, Extend the reach of AMLBot beyond the domestic market and 
adapt it to cater to international financial systems. 


5 CONCLUSION 


The AI Powered Transactional Network and Behaviour Analysis to Detect and Prevent 
Money Laundering Activities using LSTM is a sophisticated system designed to address the 
challenges of detecting and preventing money laundering activities in banking transactions. 
The results and discussion module provides an in-depth analysis of the system’s perfor- 
mance, including the interpretation of findings, identification of limitations, and recom- 
mendations for improvement. This analysis serves as a basis for further research and 
development to enhance the system’s capabilities and address any identified challenges. 
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Team portal website: Development & constructing bridges 
between teams 
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ABSTRACT: In today’s dynamic business landscape, the demand for virtual teamwork has 
surged exponentially. With globalization and remote work becoming the norm, organizations 
are seeking innovative solutions to enhance talent collaboration and streamline operations 
across geographical barriers. While team management websites have been prevalent for two 
decades, the onset of the COVID-19 pandemic catapulted the significance of online team 
platforms to unprecedented heights. Enter the Team Portal Website—a pioneering solution 
poised to revolutionize how teams collaborate in the digital age. Offering a myriad of benefits, 
this platform serves as a cornerstone for team success and organizational efficiency. By inte- 
grating cutting-edge features such as the Article Section, Client Insights, and Strategic Planning 
Tools, the Team Portal Website emerges as a centralized nexus for seamless communication, 
agile task management, and unparalleled productivity tracking. This research paper delves into 
the evolution of this innovative platform, elucidating its pivotal role as a catalyst for fostering 
teamwork, driving collaboration, and optimizing productivity in modern enterprises. 


Keywords: teamwork, organizations, productivity, progress report, articles, virtual colla- 
boration, task allocation, leadership strategies 


1 INTRODUCTION 


A team is a group of like-minded individuals that have come together to work towards a 
similar goal. Everyone is unique in their way and thus brings a different set of skills to the 
table [14] In the bustling realm of digital workspaces, effective communication and colla- 
boration among team members are the cornerstone of success. Enter the Team Portal 
Website—an innovative platform revolutionizing global teamwork dynamics and empowering 
organizations to transcend geographical barriers. [8][11][12] This research paper embarks on 
an expedition through the development, functionality, and unique features of the Team Portal 
Website. Delving into its intricacies, the paper unveils the structural brilliance and operational 
efficiency encapsulated within this virtual haven. From dissecting its architecture to unraveling 
the methodology behind its creation, every facet of the website is meticulously examined. At its 
core, the Team Portal Website serves as a pulsating nerve center, seamlessly integrating an 
array of collaboration tools and project functionalities. With a click, team members traverse 
into a realm of enhanced connectivity, where file sharing, real-time communication, and task 
coordination converge effortlessly. A symphony of features, including document repositories, 
interactive article pages, dynamic chat rooms, and personalized progress trackers, orchestrates 
a harmonious workflow, fostering unprecedented levels of teamwork and creativity. 


2 LITERATURE REVIEW 


The synthesis of various research papers reveals a comprehensive understanding of virtual 
teams and project management methodologies. Citeladze David’s 2023 study identified key 
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project management methodologies and their applicability, emphasizing the need for tai- 
lored approaches to ensure project success. Laquindanum’s 2022 research assessed Microsoft 
Teams among tertiary learners, highlighting the platform’s positive reception for its colla- 
boration and communication features. Irredy & Nungonda’s work evaluated Microsoft 
Teams’ collaboration features, pinpointing effective strategies like real-time co-authoring. 
Morrison-Smith & Ruiz’s 2020 investigation into virtual team challenges proposed mitiga- 
tion strategies to overcome barriers. [1][2][3] 

Siddique et al.’s 2022 paper explored documentation methods in Microsoft Teams, pre- 
senting techniques like note-taking templates. Törmänen’s 2017 analysis delved into the con- 
siderations and trade-offs of virtual teams, offering insights into their suitability for various 
projects. Zaharie’s 2021 study examined personality traits and team preferences, underlining 
their significance for virtual team performance. Townsend et al. discussed technology’s role in 
virtual workspaces, recommending appropriate technology selection. [4][5][6][7] 

Marolia et al.’s 2023 analysis of virtual project management in the Indian IT sector 
identified specific challenges and solutions. Herzing’s 2023 exploration of the connection 
between business strategy and project management tools underscored the importance of 
alignment between business goals and methodologies. Sarah Morrison-Smith’s 2020 litera- 
ture review on virtual team challenges proposed strategies to address issues caused by geo- 
graphical distribution. [8][9][10] 

Prakhar Jain’s 2022 paper on collaboration’s impact on team performance encouraged 
regular use of collaborative techniques, reviewing research that highlights collaboration’s 
benefits. Lastly, Pratiksha D Dutonde’s 2022 review on website development technologies 
proposed the Web Development Life Cycle (WDLC) methodology, outlining phases like 
Discovery and Implementation to structure web service development. Collectively, these 
studies provide valuable insights into the dynamics of virtual teamwork and the strategic 
application of project management tools in contemporary settings. [11][12][13] 


3 METHODOLOGY 


Our research and web development project employed Nicepage and Web Expression 4 as 
key instruments. The journey began with conceptualization, where we scoped our study, 
refined our research question, and set a definitive goal through background research. This 
foundational work led to the design and implementation phase, where we established our 
research methodology, selecting the right tools and frameworks for data collection and 
analysis. The testing and validation phase was critical, involving rigorous scrutiny of our 
assumptions and biases. We engaged in peer debriefs and participant checks to ensure the 
integrity of our findings. 

The web platform we developed reflects this meticulous approach [13]. The Home Page 
serves as the entry point, offering sign-up/login options. The Profile section aggregates user 


Conceptualization 


Design & Implementation 


| | 


Development 


Testing & Validation 


i 


Figure 1. Development stages used during making of website. 
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demographics, project affiliations, and skills, fostering networking and task assignment. The 
My Projects area provides a comprehensive view of collective endeavors, while the Project 
Page details client requirements, team information, and strategies. 

It includes an Articles Section for project-specific literature, a Strategies Section for col- 
laborative plan development, and a Progress Report section that requires leader approval for 
status updates. Lastly, the Tools section is a hub for collaboration, featuring a calendar, chat 
room, document sharing, and integration with third-party applications like Google 
Workspace. It also includes a Meeting Room with services like Google Meet and Zoom, 
streamlining video conferencing and providing easy access to essential utilities. This cohesive 
ecosystem supports our research and development efforts, ensuring seamless collaboration 
and effective project management. 


Figure 2. Flow of major webpages implemented on website giving the base architecture of website. 


Figure | explains the flow of developmental steps that were followed in the development 
of proposed website while Figure 2 explains the flow of major webpages in the proposed 
website. Figure 3 explains the flow of Features and collaborations with third party services 
under tools section of proposed website. Figure four mention the important features that are 
proposed on the team portal website. 


Article Section E 


l Progress Report a 


Google 
workspace 
Tools Section 
oa 
Figure 3 (b) Important features of proposed to 


Figure 3(a) Flow of Tools section showing the features implemented and collaborations(zoom) 
access. team portal website. 


Document 
sharing 


Meeting 
room 
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Figure 4a shows UI of the My Projects page where user can access his/her ongoing pro- 
jects. Figure 4b displays the proposed strategy section on Team Portal Website, which allows 
user to connect with project easily. Figure 5a displays the proposed client details section on 
Team Portal Website which allows the user to for whom the project is being developed. 
Figure Sb displays the proposed articles section on Team Portal Website which allows them 
to refresh their knowledge and skills through articles, researches and videos present 
over here. 


Projects and Tasks The Strategy 


1.Define Your Requirements and Goals 

2.Select the Right Cloud Service Provider 

3.Design Your Storage Architecture 

4.implement Data Management and Access Controls 


5.Monitoring. Optimization. and Cost Management 


Project 


Figure 4(a) Projects page displays projects of Figure 4(b) Strategy Section displays plan for 
user. progress of ongoing project. 


Articles Based on Project 


Client Details: 


Research Paper- Cloud Cloud Computing Overview 
Computing 


Figure 5(a) Client details gives information of Figure 5(b). Articles page that provides 
client. articles, other materials to understand project 
related concepts. 


4 RESULT AND DISCUSSION 


The proposed platform serves as a one-stop digital hub to facilitate seamless collaborations 
within teams and organizations. With robust tools for communication, document sharing, 
scheduling and virtual conferencing, it aims to integrate the dispersed workforce. With 
consistent upgrades to the adaptive interface, the system shall continue to evolve as an 
indispensable digital workspace for modern networked teams. The multidimensional impact 
on efficiencies and deliverables make this platform a future-ready solution for collaborative 
growth. The Table 1 shows an overall comparison of features present in the Team Portal 
Website, Microsoft Teams and Confluence by Attlasian. 
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Table 1. Comparative study between existing platforms and proposed website. 


Team Client Strategy Project De- 

Tools Project Details Details Section tails (Com- Articles Progress 
Reference Section Section (Separate) (Separate) (Separate) bined) Section Report 
MS Teams. Y Y Y X X Y X Y 
[14] 
Confluence Y Y X X X Y X Y 
[15] 
Team Portal Y Y Y Y Y x Y Y 
(Proposed 
Work). 


*Y: Present on platform; X: Not present on platform. 


5 CONCLUSION 


The aim of this paper was to analyze the development phases of the Team Portal Website 
along with the features it offers. The methodology was highlighted in chapter 3 and the 
features in chapter 4. The research followed a structured approach to ensure that the website 
was developed efficiently and effectively. The results infer that the Team Portal Website is a 
user — friendly platform for organizations who thrive to enhance collaboration, teamwork, 
and productivity with its unique feature of articles section and strategy section. Further 
developments shall include AJ-integration enhancing the features and suggesting develop- 
mental changes to the user. 
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ABSTRACT: As cyber threats become more sophisticated, the need for advanced security 
measures grows exponentially. This research explores the integration of dynamic malware 
analysis into Software Defined Networks (SDNs), leveraging the programmable nature of 
SDN architectures to enhance network security. The study focuses on the incorporation of 
machine learning techniques for automated detection and response to malware threats 
within SDNs. Through the creation of isolated environments and intelligent flow control, 
SDNs facilitate dynamic analysis, preventing the spread of malware and enabling efficient 
monitoring. Machine learning algorithms, deployed for behavioral analysis and anomaly 
detection, scrutinize the actions of malicious software during execution. The integration of 
threat intelligence feeds with SDN controllers enables rapid response to emerging threats. 
Automated responses, orchestrated by SDN controllers, dynamically adjust network policies 
based on analysis results, mitigating the impact of malware. This approach allows for con- 
tinuous learning, with machine learning models updated regularly to adapt to evolving 
threats. The proposed framework offers a responsive and adaptive security infrastructure, 
fostering real-time detection and mitigation of malware in SDN environments. 


Keywords: SDN, Automated responses, real-time detection 


1 INTRODUCTION 


Modern security necessitates creative ways to combat malware that is getting more and more 
complex in an age of rising cyberthreats. This study explores the potential for strengthening 
network defenses at the nexus of dynamic malware analysis, software-defined networks 
(SDNs), and machine learning. SDNs’ programmable, centralized architecture provides 
enhanced control and insight into network activity, making it a valuable strategic tool. In 
order to proactively handle changing cyber threats, this study investigates the fusion of 
dynamic malware analysis within SDN frameworks, utilizing the inherent flexibility. By 
using machine learning techniques, the ability to detect and respond automatically is 
enhanced, offering a dynamic defense against malware intrusions. The establishment of 
isolated habitats within SDNs is crucial to this study. 


2 LITERATURE SURVEY 


Applying LSTM Technique for Dynamic Malware Analysis in Software Defined Networks, 
2022: Techniques for evaluating benign or dangerous packets are essential for improving 
security systems. Present security measures only allow for a limited amount of packet 
detection. a software- defined networking (SDN) architecture for malware research that 
combines the control and data planes. This article performs an accurate and efficient 
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malware classification using a machine learning model. The system proposed in this paper is 
used to extract several attributes and train the Long Short-Term Memory model. In this 
research, we provide a Secure SDN Simulation that is managed by a POX Controller. 


3 PROPOSED SYSTEM 


The system is made to offer an adaptable, proactive, and flexible protection mechanism 
against malicious attacks that change over time. For dynamic malware analysis, create a 
controlled environment inside SDNs to make sure the analysis procedure doesn’t jeopardize 
the integrity of the network as a whole. 

To optimize traffic monitoring for any malicious behavior, use SDN controllers to intel- 
ligently steer network flows through predefined security inspection points. Use machine 
learning techniques to analyze malware’s activity in-depth while it’s being executed, paying 
particular attention to system calls, file alterations, and network communications. Develop 
machine learning models to detect anomalies so that deviations can be identified. 


4 METHODOLOGY 


The suggested solution combines machine learning capabilities with dynamic malware analysis 

found in Software Defined Networks (SDNs) to provide an integrated approach to enhancing 

network security. The goal of this all-inclusive solution is to build a dynamic and adaptable 

security system by proactively detecting, analyzing, and responding to evolving malware threats. 
Shown in Figure 1. 


Problem 
identification 


Predict 


Figure 1. Flowchart of proposed method. 
4 ALGORITHM IMPLEMENTATION 
The suggested system’s working paradigm for dynamic malware analysis in Software 


Defined Networks (SDNs) using machine learning entails coordinating a number of different 
processes and components in order to identify, evaluate, and address malware threats. 


4.1 Initialization 


The system starts by setting up an isolated environment for malware investigation and 
initializing SDN controllers. 
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4.2 Malware execution 


To examine how malware behaves and interacts with the system, malware samples are run in 
an isolated environment. 


4.3 Dynamic analysis 


Real-time behavioral analysis of malware is carried out. Machine Learning Analysis: To find 
patterns suggestive of harmful activity, machine learning algorithms examine the data pro- 
duced by dynamic analysis. 


4.4 Integration of threat intelligence 


To improve the system’s awareness of new cyber risks, SDN controllers are integrated with 
real-time threat intelligence feeds. By doing this, you may be confident that the system has 
the most recent information about possible threats. 


5 RESULTS AND DISCUSSIONS 


The efficacy of the applied algorithms, the caliber of the training data, the precision of 
anomaly detection, the promptness of automated responses, and the general setup of the 
system are some of the variables that could affect the system’s output. You would need to 
put the system into practice and test it in a real-world or simulated scenario in order to get 
precise results. After putting the suggested approach into practice, you might think about 
carrying out in-depth analyses and tests to gauge its effectiveness, precision, and perfor- 
mance. Using various malware samples, modeling various attack scenarios, and examining 
the system’s reactions could all be part of this process. The system’s capacity to adjust to 
novel and evolving threats, as well as false positives and false negatives, must all be taken 
into account.shown in Figures 2 and 3. 


Cyber Hacking Detection 


Figure 2. Cyber hacking detection. 


Cyber Hacking Detection 


Figure 3. Output of cyber hacking detection. 


180 


6 CONCLUSION 


By examining how viruses behave while they are being executed, the system shows that it is 
capable of providing real-time malware detection. This capacity is necessary to quickly 
recognize and address new dangers. A more thorough comprehension of malware functions 
is made possible by machine learning-powered behavioral analysis. The system’s ability to 
recognize threats that were previously unknown is improved with the addition of anomaly 
detection methods. The system’s capacity to adapt to the constantly changing threat land- 
scape is ensured by its continuous learning mechanisms and frequent updates to machine 
learning models. The field of malware detection is dynamic and multifaceted, employing a 
range of techniques from traditional signature-based methods to advanced machine learning 
algorithms and dynamic analysis. As cyber threats continue to evolve in sophistication and 
complexity, the importance of robust and adaptive detection mechanisms cannot be over- 
stated. By combining multiple approaches and embracing emerging technologies, the 
cybersecurity community can strive towards more effective and resilient defenses against 
malware threats. Continued research and innovation in this area will be essential to stay 
ahead of the ever-evolving landscape of cyber threats and protect systems and data from 
malicious actors. 
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ABSTRACT: Cloud computing (CC) in particular has caused a transition in scientific 
computing from fixed to distributed environments. There are still security issues, even as CC 
lowers organizational costs. By doing snowball sampling and literature research, this study 
finds and tackles security issues with cloud adoption. 43 problems and 89 fixes, together with 
recommendations, are found. Based on practitioner comments, incompatibility is identified 
as a difficulty that lacks mitigation methods. A lack of global standards is revealed by the 
study, which emphasizes context-specific approaches for secure interoperability, migration, 
and on-premise authentication integration. The results help practitioners focus during cloud 
migration on important security concerns. In the constantly changing world of cloud com- 
puting applications, this work helps to better recognize and mitigate security risks. 


Keywords: Cloud computing, Data protection, Security, Cloud Security, Literature review, 
Empirical methods, Mitigation techniques, Incompatibility, Encryption, Authentication, 
Access control 


1 INTRODUCTION 


As distributed and grid computing have developed over the past few decades, cloud com- 
puting (CC) has emerged. Organizations can now access shared, reconfigurable computing 
resources over the Internet like never before, thanks to CC. The invention of the ARPANET 
in the 1960s, which made system interconnection easier, is where CC first appeared and 
eventually led to advancements in Internet technology. As stated by the National Institute of 
Standards and Technology (NIST), ubiquitous, on-demand network access to a shared pool 
of computing resources is made possible by CC, which modifies the traditional paradigm of 
system connectivity. There has been attention given to the benefits of CC, which include 
reduced costs, increased storage, mobility, and flexibility. The definitions, benefits, service 
models, deployment techniques, and background are all covered in detail in this document. 


1.1 Context of data protection in cloud environments 


Given the inherent security problems involved with cloud computing (CC), it is vital to provide 
data protection in cloud settings. As the research that is now available has pointed out, the 
implementation of CC raises issues including service level agreements, automatic upgrades, and 
general security vulnerabilities. The requirement of protecting sensitive information from both 
internal and external threats is emphasized by the CIA security model, which highlights con- 
fidentiality, integrity, and availability as essential elements. Furthermore, handling security obli- 
gations is greatly aided by efficient cloud management solutions with tiered features. The fourth 
industrial revolution has led to the emergence of cloud computing, which emphasizes the need for 
enterprises to be adaptable and the move away from typical office sets toward smart technology 
and remote access. Security is always a top concern, even with the benefits of cloud solutions. 
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1.2 Significance of the study 


This research is significant because it examines data protection issues in cloud systems in 
detail and addresses important issues that have been brought to light in more recent studies. 
Organizations dealing with cloud computing (CC) nowadays have to deal with a variety of 
intricate security issues, from automatic updates and service level agreements to general 
worries about availability, confidentiality, and integrity. Requiring a strong cloud security 
architecture becomes critical as the corporate landscape transforms toward smart technol- 
ogies and remote accessibility [4]. With a focus on real practices, improved solutions, and 
areas of CC that require further attention, this study aims to close current gaps [1]. To 
provide practitioners, researchers, and organizations with useful insights, the research 
focuses on the subtleties of data protection in cloud computing. 


2 LITERATURE REVIEW 


Lee et al. [1] sheds light on how MFA affects cloud security, with a focus on its ability to 
address unauthorized access risks. Sharma et al. [2] take a look AI can improve cloud pro- 
tection predictions, but six extra items to make cloud rely to us machine learning and pre- 
dictive analytics show thay the AI is critical to threat detection and response. Chen et al. 
Examine containerization in cloud contexts, including the security challenges that accompany 
spreading, such as container isolation and poor image quality, [3] Patel et al. Blockchain for 
Secure Data Sharing in Next-Generation Cloud Environments|[4], which discusses transpar- 
ency and tamper resistance as properties enabled by the application of blockchain technology. 
Kim et al. [5] goes into what quantum computing means for security in the cloud and calls for 
the use of post-quantum encryption to counter what are, after all, future quantum threats. 

Wong et al. [6] investigate IoT device security in cloud environments, pointing out that 
appropriate security controls should be in place both at the device and cloud levels. Gupta 
et al. In [7] we investigate privacy-preserving data analysis techniques in cloud environments, 
emphasizing cryptographic protocols and differential privacy mechanisms. Nguyen et al. Also, 
[8] examine the security threats and on the other hand the solutions to them within the context 
of serverless computing and propose an architecture for securing serverless applications. 
Kumar et al. Examine data residency compliance in cloud computing, including recommen- 
dations for meeting data regulation and data sovereignty in the cloud [9]. Park et al. It provides 
guidance to how resilience against ransomware may be improved in cloud environments, with 
a particular focus on the mitigation strategies towards ransomware threats. 

Singh et al. Cloud Security: Research on DevSecOps practices [11] included with inte- 
gration of security into the software development lifecycle, automation and collaboration. Li 
et al. References [12] deal with the security issues IoT pose in cloud platforms and suggest 
methods to harden the devices and mitigate IoT security risks through network segmenta- 
tion. Desai et al.,have presented a study on cloud-based healthcare systems to address data 
privacy and compliance [13] with the main focus on regulatory requirements to protect 
patient data. Tran et al. Recently, Chuang et al.[14] published survey on threat intelligence 
sharing for collective defense in cloud environments stating advantages of collaboratively 
working in real time. Kim et al. This article [15] presents an study about the use of machine 
learning to this purpose in the context of cloud, evidencing the possibilities of Machine 
Learning methods to improve security. 


3 METHODOLOGY 


3.1 Research design 


With a particular emphasis on different cloud platforms, we use a mixed-methods approach 
in the research design module of our methodology to thoroughly examine and improve data 
protection through cloud security. The research combines qualitative and quantitative 
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techniques to provide a comprehensive comprehension of the complex interrelationships 
between data protection and security measures in cloud systems. In-depth literature reviews, 
case studies, and expert interviews are some of the qualitative methods used to acquire 
information on current issues and practices. To assess the efficacy of the security measures in 
place, a survey is carried out quantitatively among a variety of enterprises that use various 
cloud platforms. We also examine security performance measures and data breach occur- 
rences. Because we can triangulate results thanks to this mixed-methods architecture. 


3.2 Selection of cloud platforms 


We utilize a methodical approach in our methodology’s Selection of Cloud Platforms 
module to find and evaluate different cloud platforms to improve data security. A thorough 
assessment of well-known cloud service providers is conducted at this step, taking into 
account aspects like customer feedback, scalability, compliance standards, and security 
features. Prominent platforms—such as Amazon Web Services (AWS), Microsoft Azure, 
and Google Cloud Platform, among others—are the focus of an extensive comparison study. 
To make sure the study applies to changing technical environments, we also take new plat- 
forms into account. The platforms’ capacity to encrypt data, manage access, and comply 
with industry-specific laws are the standards used in the selection process. 


3.3 Data protection measures investigated 


Within the Data Protection Measures Investigated section of our approach, we conduct a 
methodical analysis of various techniques designed to enhance data safety in cloud envir- 
onments. This study covers intrusion detection systems, data backup plans, access control 
methods, and encryption algorithms. Our methodology consists of testing industry-accepted 
encryption algorithms and comparing how well they work with various cloud computing 
platforms. The granularity and adaptability of access controls to various user circumstances 
are closely examined. We also examine the resilience of several data backup strategies, 
evaluating their redundancy and recovery capacities. The ability of intrusion detection sys- 
tems to react quickly to possible threats is assessed. Our goal is to thoroughly examine these 
data security mechanisms to offer empirical insights into their efficacy, which will help shape 
the creation of a solid data protection architecture specifically designed for cloud computing. 


3.4 Security mechanisms analyzed 


Within the Security Mechanisms Analyzed section of our methodology, we methodically 
evaluate a range of security mechanisms that are essential to improving data security in 
cloud settings, with a particular emphasis on different cloud platforms. The present study 
includes an analysis of security token mechanisms, multi-factor authentication protocols, 
encryption techniques, and anomaly detection systems. We do a thorough assessment of 
encryption algorithms’ resistance to modern attacks while taking into account their adapt- 
ability and computational efficiency in a variety of cloud environments. The effectiveness of 
multi-factor authentication and security tokens in reducing the danger of illegal access is 
closely examined. Anomaly detection systems are also evaluated based on their capacity to 
recognize and react to anomalous patterns that point to security breaches. Our study 
attempts to provide important insights for creating an all-encompassing security framework 
by empirically examining these mechanisms. 


3.5 Empirical methods 


Within the Empirical Methods module of our methodology, we use a methodical, data- 
driven approach to examine the efficacy of different data protection strategies in the context 
of cloud security, with a focus on different cloud platforms. Using a blend of qualitative and 
quantitative research methods, we collect and evaluate empirical data to evaluate the effi- 
cacy, weaknesses, and strengths of particular security protocols. We assess how resilient the 
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security systems that have been put in place are by simulating various threat scenarios 
through controlled tests and simulations. To determine the practical usability and accep- 
tance of these measures, surveys, and user input are included. By providing a thorough grasp 
of the effectiveness and possible applications of cloud security mechanisms in the actual 
world, this empirical study seeks to offer insightful information on their applicability. 


3 RESULTS AND EXPERIMENTATION 


4.1 Effectiveness of data protection measures in cloud platforms 


A thorough evaluation of the security protocols in place on cloud platforms for data pro- 
tection revealed notable improvements in the protection of private data. Modern encryption 
techniques, such as the Advanced Encryption Standard (AES) with 256-bit keys, sig- 
nificantly improve data secrecy by lowering the possibility of illegal access and data brea- 
ches. Robust access control measures were also put in place to limit access to sensitive data 
and make sure that only authorized users could access vital information. These mechanisms 
included multi-factor authentication (MFA) and role-based access control (RBAC). To 
strengthen the entire security posture of the cloud infrastructure, continuous monitoring and 
auditing of cloud environments were carried out to quickly identify and address any security 
events or abnormalities. Proactive security measures, like intrusion detection systems (IDS) 
and security information and event management, are being implemented. 
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Figure 1. Role-based access control (RBAC) [17]. 


4.2 Comparative analysis 


A wide range of viewpoints and solutions were presented by respondents when survey results 
about cloud computing incompatibility were compared. Some of the respondents recommended 
implementing gateway functions, federated authentication, and standardized interfaces as 
practical measures to improve interoperability between service providers. However, other 
respondents stressed the significance of secure replication mechanisms and stringent data 
encryption to safeguard client data when interacting with multiple cloud platforms. The neces- 
sity of standardized migration techniques and preventative steps to avoid data lock-in if service 
providers forbid migration was also emphasized by the respondents. It’s interesting to note that 
viewpoints on whether on-premise authentication systems and cloud computing environments 
can coexist differ. While some emphasized the necessity for full identity and access management 
solutions, others supported LDAP connectivity and single sign-on solutions. 


4.3 Presentation of key findings 


We examine the key discoveries from the “Results” part of our study on cloud computing 
security issues and solutions in this presentation. After conducting a thorough investigation, 
we discovered several unanticipated issues, such as resource sharing flaws, packet sniffing, 
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and the failure of security measures lacking matching mitigation plans. The security dangers 
in cloud computing settings are complex and dynamic, as these disclosures highlight. As a 
result, it is imperative to do ongoing research to properly neutralize emerging threats. 


4.4 Utilization of tables, graphs, or charts 


Using tables, graphs, or charts to visually depict the gathered data and conclusions is an 
important part of the “Results” section of the article. A table, for example, can be used to 
display the distribution of answers to survey questions, such as the kinds of cloud service 
providers that respondents use and the percentages that correspond to those sorts of provi- 
ders. The preferences of the participants can be briefly summarized in this table, making it 
easy for readers to identify the most common trends in the data. To further demonstrate the 
relationship between variables, a graph or chart can be used. For example, it can show the 
relationship between the number of years of expertise in cloud computing and the adoption 
of particular security measures. Through the visual representation of these correlations. 


5 DISCUSSION 


5.1 Interpreting empirical results 


The empirical data in this study provides insight into the complex web of security issues that 
exist in cloud computing (CC) settings. A thorough grasp of these difficulties and their 
solutions has been developed through an exhaustive examination of the literature and expert 
interviews. Significantly, the discovery of particular weak points—like service provider col- 
laboration, data migration worries, and incompatibility with conventional authentication 
techniques—highlights the complex nature of security flaws in CC systems. A significant 
vacuum in the existing literature is brought to light by the lack of reliable mitigation mea- 
sures for the “incompatibility” challenge, which calls for more research and the creation of 
standardized solutions. 


5.2 Implications of data protection measures 


The study’s empirical results provide a significant understanding of the security issues related 
to cloud computing (CC) and the efficacy of the mitigating techniques. 43 unique security 
risks and 89 related mitigation techniques were found by a thorough literature analysis and 
expert questionnaires. While most problems have related remedies, there are some crucial 
areas where there are no reliable mitigation measures, such as sharing computing resources, 
packet sniffing, and incompatibility difficulties. With 19 articles addressing the issue of 
incompatibility but providing no solid remedies, it stands out as one of the most urgent 
concerns among them. An expert opinion on mitigation techniques was sought from prac- 
titioners using a survey method to close this gap. Data migration and service provider 
cooperation were two of the most insecure areas linked to incompatibility that the 
survey found. 


5.3 Comparison with existing literature 


By offering a thorough review of security issues and mitigation techniques in cloud com- 
puting (CC) environments, this work adds to the body of current knowledge. Although 
many security issues with CC have been noted in other studies, this work takes it a step 
further by classifying and tabulating these issues along with appropriate mitigating techni- 
ques. Furthermore, the difficulty of “incompatibility” is the center of attention, filling a 
significant vacuum in the literature with 19 publications identifying the problem but not 
providing solid solutions. This study provides useful insights into resolving the incompat- 
ibility dilemma by using a survey method to gather expert comments, especially in areas like 
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interoperability across service providers, data migration challenges, and compatibility with 
conventional authentication systems. The results are consistent with the body of research 
that highlights the significance of global standards. 


5.4 Unexpected findings and their significance 


After a thorough analysis of security threats and countermeasures in cloud computing (CC) 
settings, several surprising conclusions surfaced that clarified important issues that need 
more research. The detection of certain difficulties, like packet sniffing, sharing computing 
resources, and the inability to provide security without associated mitigation techniques, was 
unexpected despite the abundance of literature outlining security risks and corresponding 
solutions. The aforementioned results emphasize the intricate and dynamic character of 
security risks in cloud computing, underscoring the necessity of continuous investigation and 
advancement endeavors to adequately tackle new vulnerabilities. Shown in 32.2. 


MAJOR ISSUE OF CLOUD 
COMPUTING IS SECURITY 


Figure 2. Major issue of cloud computing is security. 


Table 1. Analysis of major issues of cloud computing. 


Issues Percentage 
Security 74.6% 
Performance 63.1% 
Availability 63.1% 
Hard to Integrate 61.1% 
Regulatory requirements 49.2% 


6 CONCLUSION 


The essential contributions made to the discussion of cloud computing security challenges 
and solutions are emphasized in the paper’s conclusion. After a thorough investigation of the 
literature and snowball sampling, 89 mitigation approaches and 43 impediments were found, 
along with further recommendations. However, problems like “incompatibility” still exist, 
thus cloud practitioners should look for answers. The results of the survey, which support a 
range of encryption methods, highlight the need for standardization to allay security con- 
cerns and encourage caution when putting customized interoperability protocols into place. 
The report highlights problems with data migration and on-premise authentication, 
emphasizing vendor reliance and the absence of practical integration techniques. Protecting 
sensitive data is crucial given the particular difficulties and dangers associated with cloud 
computing, and as more companies depend on cloud services, the need for secure storage and 
privacy becomes even more crucial. To reduce the risk of legal, financial, and reputational 
consequences, it is crucial to follow to industry norms and laws, particularly in complex 
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situations involving multiple tenants and shared resources. Practical consequences of the 
study can be found in its observations and recommendations, especially about “incompat- 
ibility.” Because there are no standardized interfaces, users are advised to exercise caution 
while implementing interoperability measures and to give priority to secure data handling 
and migration standards. To address the remaining open concerns in cloud computing 
security, recommendations for future study are essential. This means that interdisciplinary 
approaches will be required to build complete mitigation measures. It is crucial to close these 
knowledge gaps, which calls for coordinated efforts by academics and business professionals 
to promote collaboration between cloud service providers and users to progress the subject. 
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ABSTRACT: When all maximal cliques of a graph G are included in an MDS (minimal 
dominant set), then a graph G is considered as SSP (Super Strongly Perfect). The erection of 
prism (crossed) graphs and bi-star graphs are looked at in this study. This study examines the 
structural characteristics of bistar and prism(crossed) graphs in terms of colorability, max- 
imal cliques, and MDS. 


Keywords: Super strong perfection, prism graphs, bi-star graphs, colorability, maximal cli- 
ques, minimal dominant sets 


1 OVERVIEW 


The discipline of graph theory was first established in 1735 when Euler resolved the 
renowned problem of Königsberg Bridge. In theory of graphs, relationships are the ulti- 
mate research topic and given a collection of nodes and connections, theory of graphs is a 
helpful tool to compute and shorten the moving parts of dynamic systems, which can 
abstract all from computer data to city designs. These days, computer science, data science, 
machine learning, artificial intelligence, social networks and deep learning all depend 
heavily on theory of graphs. Graph theory’s current applications covers a wide range of 
innovative applications, such as efficient routing for emergency response, molecular epi- 
demiology, traffic networks and navigable networks. Regarding computer science, graphs 
are used to illustrate computing devices computation flow, data structures and network 
communications. A directed graph could be used to depict the link structure of a website, 
as one real-world example [3]. Graphs are among the most often used models of both 
natural and man - made structures. Graphs can be used to depict a widespread variety of 
interactions and process dynamics in social science, computer science, biological science 
and physical sciences. Several real-world scenarios can be represented by graphs. In gen- 
eral, theory of graphs has several uses across a wide range of industries, together with 
graph-theoretical structures of data like list structures and matrix. The main applications 
of graph in computer science. [2]. 

Graphs are seen as, finite (simple), linked, and undirected. Any subset S of a vertex set V 
in which every vertex of S is linked to all other vertex is called a clique. If all vertex in V - D is 
linked to one vertex (at least) in D, then D C V( (G) is referred to as a dominant set. For all 
ue M, if M - {u} is not a dominating set, then a subset M of V is a minimal dominating set 
(MDS). A path in G is a series of vertices arranged in such a way that there is an edge 
connecting each pair of vertices to the vertex after it. A closed path, represented by C,, is 
called a cycle. Based on the number of vertices, the cycle might be either odd or even. In 
order to prevent two connected vertices from having the same color, a graph G’s vertices are 
each assigned a unique color. 
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2 SUMMARY OF THE PAPER 


Numerous SSP graph classes have been described [1]. This analysis focuses on the SSP-cyclic 
structure of crossed prism and bi-star graphs, as well as their SSP parameters, MDS, col- 
orability and count of cliques(maximal). 


3 SUPER STRONGLY PERFECT GRAPH (SSP) 


When all maximal cliques of a graph G are included in an MDS (minimal dominant set), 
then a graph G is considered as SSP (Super Strongly Perfect). SSP, non-SSP graphs are 
drawn in Figures 1 and 2. 

Demonstration 1 
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Figure 1. SSP graph. 
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vı WZ V3 
©- e 
Va V5 


Figure 2. Non-SSP graph. 


3.1 Theorem [2] 


An n - colourable is SSP if and only if consumes atleast one clique (maximal) K,, n = 2, 3, 


4 CROSSED PRISM GRAPH 
An n-prism (crossed) graph, for positive even value n, is created by joining edges (vj, V2i+1) 


and (vi+1, V2i) for i = 1, 3, ... (n-1) between two disjoint cycle graphs, Cn [4]. In Figure 3, a 
prism with six crosses is displayed. 
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Demonstration shown in Figure 3 
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Figure 3. Crossed prism. 


4.1 Theorem 


All n-crossed prism graph is SSP. 

Proof: 

Let an n-crossed prism graph be represented by G. 

Considering 2 disjoint cycles C, and connecting lines (vj, v2j+1)and (Vi+1, V2;) for i = 1, 3... 
(n-1) yields G, an n-crossed prism graph. = Based on how the graph is constructed, G has 2 
cycles which are even length (inner and outer), where for k = 1, 3,..., (n-1) the vertices of the 
inner cycle, vx, are next to the outer cycle, V2kx+1. Therefore all of the maximal cliques K> will 
be met by the non-adjacent vertices from the inner and outer cycles (i.e., alternating vertices). 

=> Gis SSP. 


4.2 Proposition 
An n-crossed prism graph G, 


1) has 3n maximal cliques K3. 
2) is capable of coloring 2. 
3) has n vertices in its MDS of cardinality. 


Proof: 


1) Let G be a prism graph with n crosses. 
= G is created by joining the edges (Vk+1, Vox) and (Vk+1, Vox) of two disjoint cycle 
graphs C, for k = 1, 3,... (n-1). = Based on how the graph is constructed, G has two even 
cycles (inner and outer), where for k = 1, 3,..., (n-1) the vertices of the inner cycle, v,, are 
next to the outer cycle, v2,4;. = The adjacency between the inner and outer cycles has n 
maximal cliques, and the inner and outer cycles have n maximal cliques Ky. G has 
maximal cliques K» of size n + n + n = 3n. 
2) Let G be a prism graph with n crosses. 
= According to the section above, G comprises 3n cliques (maximal) K3. 
= Theorem 3.1 states that G is 2-colourable. 
3) Assume a prism graph with n crosses. 


=>From the section above, G has colourability two. 
=>There is a {V,, V2} and the colours of all vertex in V,, V2 are respectively 1 and 2. 
=G consumes a MDS of cardinality |V\| or |V2|such that | V1| + |V2| = 2n. 
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= G has a MDS of cardinality n vertices. 
Proposition number 33.4 is demonstrated lower in 4'" Figure 4 
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Figure 4. 8-Prism (Crossed). 


5 BI-STAR GRAPH (Ba 8) 


Using Ks, one can generate the bi-star graph Ba,» by combining ‘a’ edges at one end, ‘b’ 
edges at the other end. Baa is made from linking the apex (center) node to 2 copies of K; a by 
a line. V(Ba,a) = {V, u, Vj, uj /1 < j < a}is the vertex set of Ba a, where v, u are called as 
centred vertices and vj, uj are called as pendent vertices. E(B}, a) = {vu, vvj, uuj/l < j < n} is 
called as edge set of Baa. Finally, |V(Byn)| = 2n+2and|E(B,n)| = 2n+ 1 [4]. B33 is 
drawn below in Figure 5. 

Demonstration 4 


V7 Vs 


Ve vV; V4 V3 V2 vV; 


Figure 5. B33. 


5.1 Theorem 


Every Bun is SSP. 
Proof: 
Let G be a Bryn. 
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Byun may be formed from an edge K, by attaching m edges(pendant) to u; and n edges 
(pendant ) to uy of the edge K3. 
=> All of the K, of G are intersected by 2 vertices of Ks, {u,, u2}. > Bm,n is SSP. 


5.2 Proposition 
Let G be a Bruin, then 


1) Bm.n Consumes maximal cliques K, that are m+n+1 in count. 
2) Bm.n is capable of coloring 2 
3) Bm» has an MDS with two vertices of cardinality. 


Proof: 


1) Assume G is a By n- 
= Bun» may be formed from an edge K, by attaching m edges(pendant) to u; and n 
edges (pendant ) to uz of the edge K>. 
=> By the construction of the graph, G has m, n pendant edges along with the edge K3. 
=> Bn has m+n+1 maximal cliques K>. 
By connecting m edges(pendant) to first end vertex vı and n edges(pendant) to the 
second end vertex vz of Ky, one can create Bm,n from K3. 
=> The graph’s construction results in Bm,n having m, n pendant edges together with an 
additional edge Ko. 
=> Bin consumes m+n+1 cliques (maximal) K3. 
2) Assume G is a Buin 
=> Bm,.n has m+n+1 cliques (maximal) K, according to the above section. 
=Bm.n is 2-colourable as in theorem 3.1. 
3) Assume G is a Bm. 


= By connecting m edges (pendant) to one end vertex v; and n edges (pendant) to the 
other end vertex v2 of Ky, Bm,n can be obtained from K3. 

>The K,’s of Bm.n are signified by the 2 nodes {u}, u2} from K3, which will intersect all m 
and n edges(pendant). The MDS of By.» has two vertices in cardinality. 

Figure 6 below explains the Proposition 5.2. 

The 2 colours are consumed by Bm,n- 


Figure 6. Baa. 
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6 CONCLUSION 


The configuration of the SSP graph that includes the bi-star and prism (crossed) graphs is 
examined together with its SSP parameters. It might be worthwhile to look at this further for 
the other architectures as well. 
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ABSTRACT: This project introduces a real time web chat application which is developed by 
using the MERN (Mongo DB, Express.js, React.js, Node.js) stack. Leveraging Web Sockets for 
bi-directional communication, the app ensures instant messaging with features like user authen- 
tication and chat room creation. Node.js and Express.js manage the backend, while Mongo DB 
handles data storage. The React.js front-end guarantees a dynamic user interface for seamless 
interaction. The application caters to diverse scenarios such as team collaboration and customer 
support, offering a reliable, responsive, and scalable solution within the modern web ecosystem. 


Keywords: MongoDB, Chat application, MERN Stack, JWT 


1 INTRODUCTION 


Our MERN stack-based chat application offers a straightforward solution for enhancing 
team collaboration in professional settings. As an alternative to traditional communication 
channels, the app creates an efficient platform for real-time discussions, file sharing, and task 
coordination. Without the need for extensive interviews or case studies, we emphasize its 
user-friendly design and immediate utility. [1] By recognizing the essential features required 
for productive teamwork, businesses can seamlessly integrate this chat application into their 
workflows. The simplicity of the tool ensures quick adoption, enabling teams to commu- 
nicate effectively and boost overall productivity without the complexity of extensive research 
or implementation. [2]In today’s fast-paced digital world, being able to communicate effec- 
tively is crucial for connecting people worldwide. Real-time chat apps have changed the 
game, revolutionizing how we interact, collaborate, and share information. [3] As technol- 
ogy advances, the need for smooth and feature-packed chat platforms is higher than ever. 
This report explores the creation of an advanced Web-Based Real-Time Chat application 
using the MERN stack (Mongo DB, Express.js, React.js, Node.js). [4] 

This tech stack provides a modern solution to address the ever-changing communication 
demands of our interconnected society and [5] which makes our app strong and responsive to 
the end users. 

We used Mongo DB because it is a schema-less database, which allows us to stock 
information with a predefined schema. [6] This is very flexible and useful during the time of 
working with evolving or dynamic data because it eliminates the need to modify entire 
database schema each time there is any change in data structure. [7] MongoDB excels in 
managing large volumes of unstructured or semi-structured data, such as JSON like docu- 
ments. [8] This is especially beneficial for applications dealing with complex and will have 
the same features as other parameters under data types. 

We used JSON Web Token (JWT) for authentication, which is a close-packed, URL safe 
which gives us a view of its claims between 2 parties. It is a standard for token-based 
authentication and authorization on the web. [9] JWTs are often used to securely transmit 
information between parties in a compact and self-contained manner. 
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2 RELATED WORK 


In the paragraphs below, we would like to talk about the different chat applications in the 
changing market where security and privacy are particularly important. But some of the 
applications are not open source or people can’t access them and [10] they are even harder to 
access by the developing organizations, local people, cyber people, analyzers. 


2.1 WeChat: Chinese most famous app 


As “the app for everything”, Wechat has also been replicated. Leaving the basic features, it 
has many other features in it. They include social media apps, video chat voice, [11] chat, 
group chats, payment methods and live location tracking will also be included in coming 
days. Shown in Figure 1 


Login Page 2 Match Email 
g g Enter Credentials and Password 
with Database 


No 
Yes Yes 
Generate 
Y A JSON Web 
a es Token for each 
at Page 
Y d A 


No 


Figure 1. Flow chart. 


Viber - European App 

Viber is very widely used in eastern Europe even though it is not so famous. Unlike the 
various applications mentioned, it focuses on providing many features like audio, video, and 
messages for devices having Wi-Fi connection. It can be installed in various Operating 
Systems. [12] This application is very famous in Ukraine, Ethiopia, Serbia, Bosnia, 
Herzegovina, Macedonia, and other countries. In this app, video and voice chat applications 
are going to be added. 

WhatsApp 

Facebook processes the American freeware program WhatsApp messenger. It has many 
features like voice chat, video chat, sending messages, pictures, and other data. [13] 
WhatsApp can be used through phone, can be installed in laptops, and other devices 

QQ Mobile 

Tencent QQ, also known as QQ mobile, is a web portal and instant messaging program. It 
is enhanced by Chinese company Tencent. [14] It provides services like online games, music, 
shopping, movies, group voice and video chat features 
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3 PROPOSED SYSTEM 


The adoption of JSON Web Token is highly anticipated for architecture. The client enters 
their email address and password details particularly when they first run the program. [15] 
At this time, the credentials given by the client are then cross checked with the e-mail stored 
in our database along with the encrypted password. 


4 SECURITY REQUIREMENTS 


(1) The chat server should save the user’s login details in an encrypted format. 

(2) We should give the user a firm session to the user that the chat is with the correct person. 
(3) To guarantee security and privacy, encryption must be provided to all messages. 

(4) Local storage encryption is essential, with messages being stored directly on the user’s device. 
(5) Messages can solely be shared among friends, excluding any communication with strangers. 


5 ER DIAGRAM 


5.1 User entity 


The “User” entity represents individuals using the chat system. 
Attributes: 


(1) Email (Primary Key): Unique user identity. 
(2) Name: name of the user. 

(3) password: User’s password for authentication. 
(4) pic: Profile picture of the user. 


5.2 Chat entity 


The “Chat” entity represents the chat rooms or conversations within the system. 
Attributes: 


(1) ChatlD (Primary Key): Unique identifier for a chat. 

(2) ChatName: Name or title of the chat. 

(3) users: A reference to the users participating in the chat. 

(4) groupadmin: User who is the administrator of the group chat. 
(5) isgroupchat: Indicates whether the chat is a group chat or not. 


5.3 Message entity 


The “Message” entity represents individual messages sent within a chat. 
Attributes: 


(1) MessagelD (Primary Key): Unique identifier for a message. 
(2) Content: The content or text of the message. 

(3) sender: A reference to the user who sent the message. 

(4) Chatld: A reference to the chat to which the message belongs. 


5.4 Relationships 


The “Chat” entity is associated with the “Message” entity through the “has” relationship, 
indicating that a chat is having a message or conversation between the 2 users. The “User” 
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entity is associated with the “Chat” entity through the “enters” relationship, indicating that 
when the user clicks on a particular chat, that chat is opened, and the user can message to the 
other use. Shown in Figure 2 


MESSAGE 


Figure 2. ER diagram. 


6 RESULT 


In conclusion, the development and implementation of Web-Based Real-Time Chat 
Application using the MERN Stack represents a groundbreaking achievement in the realm 
of modern communication platforms. This project successfully harnesses the power and 
versatility of Mongo DB, Express.js, React.js, Node.js to deliver a feature-rich, secure, and 
scalable solution that caters to the dynamic communication needs of today’s 
interconnected world. 

The MERN Stack’s seamless integration and cohesive architecture have empowered the 
creation of a real-time chat experience that goes beyond conventional boundaries. The use of 
WebSocket technology ensures instant messaging, enabling users to engage in fluid con- 
versations with minimal latency. The platform’s responsiveness and adaptability across 
various devices underscore its commitment to user convenience and accessibility. 

New features that we look to add: 


(1) Mailing service for verifying new users and a forgotten password option. 
(2) Read receipts for messages. 

(3) Delete and edit messages. 

(4) Attach messages or files with messages. 

(5) Develop a mobile app to increase the user base. 
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ABSTRACT: In this paper, we present a novel approach for simulating a multi-process file 
system using Bash scripting. Our simulator aims to emulate the behavior of a multi-process file 
system by employing a combination of Bash commands and processes. We discuss the design 
principles and implementation details of our simulator, highlighting its capability to model con- 
current file access scenarios and inter-process communication. By utilizing Bash scripting, our 
approach offers a lightweight and flexible solution for simulating complex file system interactions. 
We demonstrate the effectiveness of our simulator through various test cases, showcasing its 
ability to accurately replicate real-world file system behaviors in a multi-process environment. 
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1 INTRODUCTION 


Modern computing systems often require efficient management of file systems to handle 
concurrent access from multiple processes. Understanding the intricacies of multi-process file 
system interactions is crucial for designing robust and scalable systems. To facilitate this 
understanding, researchers and practitioners often resort to file system simulators, which 
allow them to experiment with various scenarios in a controlled environment. 

In this research, we introduce a novel approach for simulating a multi-process file system 
using Bash scripting. Bash, a widely-used Unix shell, provides a versatile platform for scripting 
and executing commands, making it an attractive choice for building file system simulators. 
Our approach aims to leverage the power of Bash to accurately model the behavior of a multi- 
process file system while maintaining simplicity and flexibility in implementation. 

The design and implementation of our simulator are based on fundamental principles of file 
system management and inter-process communication. By orchestrating Bash commands and 
processes, we create a virtual environment where multiple processes interact with a simulated 
file system concurrently. This approach allows us to explore various aspects of file system 
behavior, such as file locking, synchronization, and data integrity, in a controlled setting. 

In this paper, we provide an in-depth discussion of the design principles underlying our 
simulator and elaborate on its implementation details. We highlight the advantages of using 
Bash scripting for file system simulation, including its lightweight nature, ease of use, and 
compatibility with Unix-based systems. Furthermore, we demonstrate the effectiveness of 
our simulator through a series of experiments and test cases, showcasing its ability to accu- 
rately replicate real-world file system behaviors in a multi-process environment. 


2 LITERATURE SURVEY 
Understanding Linux shells is very important when it comes to computer systems. The 


research by Abdullah Kidwai and others [1] helps us understand many Linux shells better. It 
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shows how they work, making it easier to see what users are doing with operating systems’ 
functions. It’s very important to use this knowledge when making or building parts of shell 
scripting that works really well. 

Going beyond just UI, examining the ways Bash gets used, software problems and faults 
as shown by Yiwen Dong et al. [2] lets us see more into scripting languages. This idea is 
important to our work. It helps us in improving and making strong the part of writing code 
for shell scripts needed by computer simulation software, so it works better and stronger. 

In the world of file systems, Bharath Kumar Reddy Vangoor and his team [3] did 
important work on how FUSE (Filesystem in Userspace) works. They looked at its perfor- 
mance, use of resources like disk space or memory speed - something that matters when 
working with data storage programs. Understanding the parts of FUSE helps us create good 
file systems that work smoothly. This matches with our project’s goal to pretend doing 
different file operations. 

Creating a system that copies how the operating system works with many computers is 
important, as shown by Gary Johnston and Roy Campbell [4]. This becomes key for our 
work. This gives us a good reference for ways to make simulations and thoughts on design. It 
helps create a strong, working simulator that works well. 

In the information given by E Molina-Estolano et al. [5], they focus on using computer 
simulations to learn about file systems that work slightly at a time, called parallel file system 
simulation. Their results help a lot in knowing how file control works with many computers. 
They show us the right way for things we wish to add into our simulator software to work 
well together too. 

Keith A. Lantz’s research on organizing user interfaces for many processes [6] gives 
important ideas to make computer interaction easy and friendly in an imitation of operating 
systems. These understandings improve the whole experience for people using it. 

David Kotz’s study of computer file connections with more than one processor [7] helps 
our understanding about the tough parts linked with running processes at the same time and 
working on files. This lines up well with the bigger goals of our project. 

In the end, all these different studies give us important clues. This makes up our literature 
research and helps to create a theory for building simulators operating system. 


3 METHODOLOGY 


3.1 Design of the multi-process file system simulator 


The first step in setting up the Multi-Process File System Simulator required making a plan 
for its design. This involved setting up the data layout for tasks and files, plus working out a 
menu-based interaction using ’dialog’ tool in Bash. The machine lets people do many tasks 
like making processes and files, doing operations with those things, writing on them both 
ways to read from there. It also helps keep track of file moving files too. 


3.2 Implementation of core functionalities 


The main features were created using the design that was drawn up. This meant making 
Bash scripts to start processes and create files, run different tasks with these processes, read 
and write data in the file. We also needed manage moving around of things like copying or 
shifting those files. 


3.3 User interaction and input handling 


A really important part of the project is how people use it and interact with it. The `dialog` 
tool was used to make choice-based menus, boxes for entering information and messages 
with details. The program made sure to carefully check user input, like making files and 
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confirming write permission. It also asked if it’s okay to replace old ones with new info. This 
is done so that the simulator can work properly without any issues. 


3.4 Testing and debugging 


A lot of testing was done to make sure the simulator works well and is correct. Different 
situations were tried out to check that each feature worked correctly. The code was checked 
carefully to find and fix any possible problems or tricky situations. 


4 FUNCTIONALITIES 


4.1 Create process 


e Users can initiate new processes within the simulated environment. 
e Process names are dynamically entered by the user. 
e A notification confirms the successful creation of a process. 


4.2 Create file 


Users can generate new files with user-defined names. 

Optionally, users can choose to write content to the file during creation. 
Users can specify whether the file should be normal or read-only. 
Notifications provide feedback on file creation and write operations. 


4.3 List processes 


e Displays a list of all active processes. 
e The user can view the names of existing processes through an interactive dialog box. 


44 List files 


e Shows a list of all files in the simulated file system. 
e Users can review file names through an interactive dialog box. 


4.5 Execute process 
e Initiates the execution of a selected process. 


e Users can choose a specific process to execute, triggering a simulated computation. 
e The system provides feedback on the completion of the process. 


4.6 Write to file 
e Allows users to append content to an existing file. 


e Users input the file name and content through an interactive dialog. 
e Handles scenarios where the file is read-only or does not exist. 


4.7 Read file 


e Displays the content of a selected file. 
e Users input the file name through a dialog, and the system presents the file content in a 
dialog box. 
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e Notifies the user if the file is not found. 


4.8 Move file 


e Enables users to move a file from one location to another. 
e Users specify the source and destination file paths through interactive dialogs. 
e Provides feedback on the success of the file movement. 


4.9 Copy file 


e Allows users to duplicate a file, either overwriting an existing file or creating a new one. 
e Users input source and destination file paths through interactive dialogs. 
e Handles scenarios where the source file is not found. 


4.10 Exit 


e Allows users to gracefully exit the simulated environment. 
e Displays a farewell message before terminating the program. 


These functionalities collectively simulate a multi-process file system, providing users with a 
hands-on experience in managing processes and files within an operating system. 


5 RESULTS 


Users begin their experience with the simulator at the home interface, which displays a menu 
of possible options for tasks, file management, task execution, and system exit. By navi- 
gating through these options, users may act in the simulated world as they like. Users are 
shown an interface where they may dynamically enter the names of processes they want to 
create in order to generate new ones. After the process is successfully created, the user 
receives feedback and a message confirming the inclusion of the process. Likewise, the file 
creation interface enables users to create new files with names that they provide. When 
creating a file, users may choose whether it should be created as read-only or as regular, as 
well as add content. 
Below are the Figures 1, 2, 3, 4 & 5 of the simulator:- 


vboxuser@vishnulinux: ~/Desktop/Shell_script 


Multt-Process File System Stmulator 


reate Process| 
Create File 
List Processes 
List Files 
Execute Process 
Write to File 
Read File 

Move File 


LI 
2 
3 
4 
5 
6 
7 
8 


K+) 
KE <Cancel> 


Figure 1. Home interface of simulator. 
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Select process type: 


i Task case Conversion 
3 Task C: Decrease Sound 


GE <cancel> 


Figure 2. Interface for process creation. 


Figure 3. Interface for file creation. 


Enter process name to execute: 


Figure 4. Interface for process execution. 


Exiting the simulator. Goodbye! 


Figure 5. Interface for exiting the system. 
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6 CONCLUSION 


In conclusion, we made Multi-Process File System Simulator. This is a helpful and easy way 
for people to try out different functions that work on operating systems in an interesting 
manner. With the help of a menu-driven interface, people can easily make processes, manage 
files and do tasks. This gives them firsthand experience in understanding basic ideas about 
how operating systems function. Adding features like doing certain tasks, writing and 
reading from files, plus file management makes the simulator more real to life. This gives it a 
better value when teaching lessons or education purposes too. The simulator is very flexible 
and allows people to test different situations. It helps them understand how computer sys- 
tems handle many things happening at the same time and work with files. The Multi-Process 
File System Simulator helps teach about computers by giving students and others a real tool 
to learn how different parts of an operating system work. 
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ABSTRACT: Information is protected from unwanted access using cryptography, or 
encryption, which encrypts it using a cypher system. It is only possible to decrypt an 
encrypted communication if you have the right keys and algorithm. It is frequently utilized 
for safe network communication. Encryption uses a mathematical technique and a key to 
convert plain text into cypher text. The increase in processing power made DES insecure. 
Depending on the length of the key, AES is a block cypher that encrypts data in blocks of 
128 bits. Multiple encryption rounds are required. AES has multiple implementations and a 
mathematical description. For encryption and decryption, a single key consisting of 128, 
192, or 256 bits is utilized. Side channel attacks can be lessened by employing strategies such 
avoiding arrays, making sure that time intervals are constant, and using specific chips. 


Keywords: Post quantum cryptography, FPGA Implementation, Advanced encryption 
standard, Quantum attack 


1 INTRODUCTION 


A variety of smart services including homes, smart grids, and healthcare are created using crypto- 
graphic algorithms. The issues of cryptology and cryptanalysis are closely related to cryptography. 
Techniques such as sound-image blending and microdots encrypt information as it is transmitted or 
stored. In modern cryptography, simple text is often ciphertext as ciphertext and vice versa. Those 
who work in this field are known as cryptographers. However, VLSI programming errors can cause 
errors, and cryptographic programs can still have errors. Among other cryptographic techniques, 
the shortcomings of elliptic curve and AES cryptography can be explored. The absence of errors 
and reliability of these systems guarantee reliability even in the event of failure. 


1.1 FPGA implementation 


FPGAs offer flexible and efficient solutions for diverse computing tasks, leveraging their 
reconfigurable nature to adapt functionalities. Their ability to translate complex algorithms 
into hardware circuits makes FPGA implementation crucial for accelerating calculations 
through parallel processing. This technology finds applications across high-performance 
computing, cryptography, and signal processing, showcasing its versatility and significance. 


1.2 Quantum attacks 


The rise of quantum technology promises unmatched computing power but poses a serious 
threat to traditional cryptography. Quantum computers can potentially crack encryption 
deemed secure before. In cybersecurity, quantum attacks employ advanced algorithms to 
breach conventional encryption methods, necessitating the swift adoption of post-quantum 
cryptographic solutions for enhanced digital security. 
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1.3 FPGA 


FPGAs are highly versatile in digital hardware design, offering programmable logic circuits 
unlike ASICs. They accelerate functions like cryptography and signal processing with quick 
prototyping. Filling the gap between hardware and software, FPGAs provide efficiency, 
performance, and adaptability. 


2 LITERATURE REVIEW 


The literature intrinsic parallelism of FPGAs, which enables the simultaneous execution of 
numerous cryptographic processes, is one obvious benefit. The nature of many crypto- 
graphic methods, which frequently entail independent and repetitive computations, is well 
suited to these parallel processing capabilities. FPGAs are therefore able to deliver sig- 
nificantly higher throughput and lower latency in comparison to conventional software- 
based systems. (Bisheh-Niasar and Azarderakhsh 2021). Post-quantum cryptography 
develops quantum-resistant algorithms due to threats like Shor’s algorithm. Lattice-based, 
code-based, and hash-based cryptography are key approaches. Lattice-based encryption is 
robust against quantum attacks but can be computationally intensive. Code-based crypto- 
graphy resists Shor’s algorithm but faces key size and classical cryptanalysis challenges. 
Hashing-based cryptography, reliant on hash function security, shows promise for light- 
weight post-quantum solutions (Shen-Shen Yang and Zhen-Guo Lu 2021). Quantum 
attacks, notably Shor’s and Grover’s algorithms, pose significant threats to classical cryp- 
tography. Shor’s algorithm efficiently factors large integers, compromising RSA and other 
public-key systems, while Grover’s algorithm accelerates brute-force searches, weakening 
symmetric ciphers. As quantum computing advances, current encryption standards may 
become obsolete, jeopardizing digital signatures and communication security. Shor’s algo- 
rithm outpaces classical techniques tenfold, while Grover’s algorithm reduces the effective 
key length for symmetric encryption, challenging its long-held security (Pengzhou He and 
Ujjwal Guin 2021). FPGA design techniques, particularly for high-performance computing, 
emphasize parallelism and pipelining for increased speed and throughput. Parallel proces- 
sing exploits FPGA’s intrinsic parallelism at various levels, while pipelining divides com- 
putations into smaller steps to reduce latency and enhance throughput. Hardware-software 
co-design integrates FPGA hardware accelerators with software for scalable and efficient 
solutions, leveraging FPGA’s parallel processing while retaining software control flexibility 
(Aobo Li et al. 2023). 


3 EXISTING SYSTEM 


Significant speed improvements for signing and verification algorithms are demonstrated by 
an FPGA-based SoC implementation of third-round Dilithium. By utilizing radix-4 NTT 
architecture and optimizing modular multiplication, it surpasses earlier designs in speed by 
up to 40x, albeit at the expense of 7.8x more LUT resources. We need more evaluations to 
confirm its efficacy on a variety of platforms. 


4 PROPOSED SYSTEM 


The proposed system is a creative effort aimed at strengthening digital security in the era of 
quantum computing. The project aims to build high-performance implementations of post- 
quantum secure cryptographic algorithms using field-programmable gate array (FPGA) 
technology and carefully implement multiplexers to optimize data access and selection 
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protecting data in a world of quantum computing threats. Including several quantum post- 
cryptographic methods including lattice, code, hash, and multivariable methods, the review 
provides design validation using synthesis simulation tools, a Verilog-like hardware 
description language and the ultimate goal of Very Large Scale Integration (VLSI) imple- 
mentation gets better. ) advances in the application of quantum post-cryptography to sys- 
tems, and provides flexible and robust cryptographic security in the face of an ever-changing 
digital environment 


4.1 Algorithm selection and implementation 


One of the main components in creating a robust post- quantum cryptography system is the 
Algorithm Selection and Implementation module. Weighing the benefits and drawbacks of 
algorithms like lattice-, code-, hash-, and multivariate-based methods is a crucial step in the 
decision-making process. After the decision is made, attention turns to the challenging 
process of converting these selected algorithms, using hardware description languages like as 
Verilog, into a format that is compatible with the hardware. The success of the project 
depends critically on the exact and deliberate implementation of algorithms in hardware, 
which guarantees that the cryptographic system is safe from quantum threats and optimized 
for effective operation on Field-Programmable Gate Array (FPGA) technology. 


4.2 FPGA implementation 


The FPGA Implementation module transforms post-quantum cryptography algorithms into 
hardware systems, exploiting FPGA’s parallel processing capabilities. It involves translating 
algorithms into Verilog or HDL, optimizing resource utilization, and implementing paral- 
lelization and pipelining. This crucial phase ensures effective execution on FPGAs, lever- 
aging their special capabilities for speed and performance enhancement. Bridging the gap 
between algorithmic concepts and hardware implementation, it is vital for reliable, 
hardware-accelerated post-quantum cryptography systems. 


4.3 Multiplexer integration 


The Multiplexer Integration module optimizes cryptographic systems for quantum com- 
puting challenges, enhancing key management and data selection. By dynamically routing 
data, multiplexers bolster system efficiency, fortifying cryptographic defenses against quan- 
tum threats. They strategically align systems with evolving digital security needs, ensuring 
safe data processing in the quantum age. 


4.4 Performance optimization 


The Performance Optimization module fine-tunes FPGA-based post-quantum cryptography 
systems for speed, area usage, and power consumption balance. It ensures adherence to 
security standards while optimizing practical functionality. Key components include CPU 
sorting, MUX routing, polynomial multiplication, and address generation. Verification 
confirms input accuracy, vital for system efficacy. 


4.5 Security consideration 


The security challenges in FPGA-based systems, focusing on identifying vulnerabilities and 
proposing solutions. Side-channel attacks exploit unintended information leakage through 
timing, electromagnetic radiation, and power usage, prompting research into cryptographic 
algorithms resilient to such scrutiny and countermeasures like noise injection. 
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5 OUTPUT 


Implementing post-quantum cryptography on FPGAs involves mixed column operations 
Figure 1. for enhanced encryption diffusion, nano encryption/decryption. Figure 2 using 
quantum dots and nanowires for high-speed, low-power operations, and a comparative 
delay analysis Figure 3. showcasing efficiency and performance across various algorithms. 
This integration ensures robust security and minimal delay, making it suitable for high- 
performance, real-time applications in a post-quantum world. 


5.1 Mixed column 
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Figure 1. Results of conventional mixed column. 


5.2 NANO AES clock gating encryption & decryption 


Figure 2. Nano ASE clock gating encryption & decryption. 


m Normal AES 
Design 

E Proposed Nano 
AES with clock 
Gating 


Slices Gates 


5.3 Area graph and delay graph 


25000 


20000 
15000 
10000 
5000 
0 T 
LUT 


Figure 3. Area comparison chart for conventional and proposed method. 
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6 CONCLUSION 


In conclusion, this thorough study is a creative effort to fortify digital security in the era of 
quantum computing. By selecting and applying post-quantum cryptographic techniques, 
leveraging FPGA technology, integrating multiplexers for ideal data routing, and stream- 
lining performance through iterative refinement, the system seeks to provide a strong defence 
against quantum attacks. Three crucial components that safeguard sensitive data are stra- 
tegically aligned to assure the practical viability of the cryptographic system in dynamic 
digital situations. Through the use of this cutting-edge tactic, the project advances post- 
quantum cryptography by providing a robust framework that adapts to the demands of 
digital security and resolves pressing issues raised by the advent of quantum computing. 


7 FUTURE WORK 


Subsequent research in this field may concentrate on various approaches to further improve 
the post-quantum cryptography framework. First off, further study and investigation into 
newly developing post-quantum cryptography algorithms would broaden the range of safe 
choices. Furthermore, the suggested system may be optimized for certain use cases and 
applications while taking a variety of real-world circumstances into account. It would be 
essential to investigate cutting-edge strategies to counter any side-channel attacks and assess 
how resilient the system is to changing cryptographic threats. 
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ABSTRACT: The surging adoption and proliferation of electric vehicles (EVs) have led to 
a substantial need for robust, dependable, and efficient electric vehicle charging station 
(EVCS) infrastructures. Nonetheless, establishing and integrating such infrastructures pre- 
sent significant hurdles concerning power system quality, security, and stability. This paper 
offers a comprehensive examination of these challenges, along with strategies for mitigation 
and an overview of pertinent technologies and protocols relevant to EVCS network 
deployment. The objective of this review is to furnish insights for the development of sus- 
tainable and high performing EVCS infrastructures, addressing challenges effectively and 
maximizing the associated advantages. 


Keywords: Electric Vehicle Charging Stations (EVCS), Power quality issues, Distribution 
Static Compensator (DTSTATCOM), Hybrid Energy Storage System (HESS), Renewable 
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1 INTRODUCTION 


Electric Vehicle Charging Stations (EVCS) are instrumental in advancing electric mobility, 
offering a sustainable alternative to traditional internal combustion engines amid environ- 
mental concerns and diminishing fossil fuel reserves. However, their widespread deployment 
poses challenges to the distribution grid, including power quality issues, increased power 
demand, harmonics, and voltage instability, all of which directly impact both the charging 
infrastructure and the longevity of electric vehicle (EV) batteries. 
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2 LITERATURE REVIEW 


In response to these challenges, a novel approach known as Quality Improved EVCS is 
proposed [1-3]. This approach aimed at enhancing the performance and reliability of EV 
charging infrastructure. It introduces a Distribution Static Compensator (DSTATCOM) 
integrated EVCS system, designed to mitigate source current harmonics through innovative 
technology integration [4—5].Subsequent phases investigate the impact of voltage quality on 
EV batteries and charging systems, proposing solutions such as Fault Ride-Through 
Capability (FRTC) systems and Hybrid Energy Storage Systems (HESS) with solar inte- 
gration to address the intermittency of renewable energy sources. 

In [6-8] despite early advancements, Including the introduction of mass-produced electric 
cars in the US during the early 1900s, the popularity of EVs waned with the rise of inex- 
pensive gasoline vehicles, notably propelled by Ford Motor Company’s assembly-line 
automobiles. However, concerns over fossil fuel depletion, rising fuel prices, and greenhouse 
gas emissions have reignited interest in EV technology. By 2020, global EV stocks had 
surged to 11.26 million. In [9-11] to address power quality (PQ) issues in the distribution 
grid, researchers have implemented various technologies, including passive, active, and 
hybrid filters, along with custom power devices (CPD) routing. Passive filters, comprising 
reactive components like inductors and capacitors, offer cost-effectiveness but suffer from 
drawbacks such as fixed compensation and resonance. Active power filters (APF) mitigate 
these issues, compensating for current-based and voltage-based distortions, while hybrid 
APF tackles high order harmonics. Moreover, advanced power electronics controller devices 
have led to the development of custom power type compensating devices, offering improved 
reliability and performance compared to traditional counterparts [12—15]. 


3 ENERGY STORAGE TECHNOLOGIES 


Energy storage serves the vital purpose of capturing generated energy for later utilization, 
employing various methods to achieve this goal. These methods fall into five main cate- 
gories: mechanical, electrochemical, electrical, thermal, and hydrogen storage technologies. 
Figure 1 offers a detailed classification of energy storage technology. 


Energy storage technologies 


Figure 1. Categorization of various technologies in energy storage. 


3.1 Fuzzy logic controllers 


Lotfi A. Zadeh introduced fuzzy logic in 1965, offering a computing approach that embraces 
“degrees of truth” rather than the binary “true or false” of traditional Boolean logic. This 
method mirrors human decision-making by accommodating imprecise inputs to yield precise 
solutions, finding applications in diverse fields such as modeling and control, data mining, 
time series prediction, and MPPT. Defuzzification, rule base, fuzzy inference system (FIS), 
and Fuzzification are the essential elements of a fuzzy logic system, which together provide a 
flexible framework for the system’s many uses, as seen in Figure 2. 
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Figure 2. Typical structure of a fuzzy logic system. 


Fuzzification uses a variety of membership functions (MFs), such as triangular, trape- 
zoidal, bell-shaped, Gaussian, and sigmoidal, to convert crisp sets into fuzzy sets (FSs).The 
Fuzzy Inference System (FIS) serves as the core of the fuzzy logic system, generating con- 
sequents through input data, fuzzy reasoning, and fuzzy rules. Two primary FIS methods, 
Mamdani and Sugeno, are employed, with the FIS aggregation method merging the result- 
ing fuzzy sets into a unified output FS [15]. Subsequently, one of the defuzzification tech- 
niques is applied to the combined output FS to derive a definitive crisp output value. 


4 DISTRIBUTION STATIC COMPENSATOR COUPLED EVCS 


4.1 Design of DSTATCOM integrated high quality EV Cs 


Figures 3, 4 show the block diagram and schematic design, respectively, of the DSTATCOM 
integrated high quality EVCS. 
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Figure 3. Block diagram of the high-quality EVCS. 


i 
1 
1 
i 
i 
i 
' 

it 
i 
i 
i 
i 
i 
i 
1 


DSTATCOM 


Figure 4. Schematic representation of high-quality electric vehicle charging infrastructure. 


To facilitate Grid-to-Vehicle (G2V) and Vehicle-to-Grid (V2G) functionalities, the system 
incorporates bidirectional AC-DC and DC-DC converters utilizing insulated-gate bipolar 
transistors (IGBT). These converters enable energy flow in both directions. Additionally, a 
shunt compensator, referred to as a DSTATCOM, is installed at the Point of Common 
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Coupling (PCC) to mitigate source current harmonics. It comprises components such as a 
ripple filter (RF), dc-link capacitor, interface inductor, and voltage source converter (VSC). 


4.2 Design of DSTATCOM 


For the distribution system to effectively mitigate source current harmonics, a DSTATCOM 
with a strong control mechanism and controller is required. The Voltage Source Converter 
(VSC), the energy-storing capacitor, and the connecting inductor make up the 
DSTATCOM. Finding the minimal DC-link voltage requires calculations (Vdcl) of the 
DSTATCOM as 700 V, with the dc-link capacitor and interface inductor selected appro- 
priately to remove switching harmonics from the converter current. 


= V3mVitc (1) 
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4.3 Modelling of lithium-ion battery 


Due to their advantageous properties, including high specific energy, lithium-ion batteries have 
become the preferred choice for electric vehicle manufacturers, whether for plug-in hybrid or 
battery electric vehicles. When these batteries undergo charging or discharging processes, their 
dynamic model incorporates various key characteristics. These include nonlinear voltage behavior, 
constant voltage phases, internal resistance within the battery, polarization effects, maximum 
capacity limits, dynamic responses to current inputs, extracted capacity during operation, battery 
current fluctuations, as well as voltage and capacity changes exhibiting exponential trends. 


5 SIMULATION RESULTS 


Figure 5 shows the performance characteristics of IRPT with T1 FLC controlled 
DSTATCOM connected EVCS in G2V mode. In this mode, a DC-DC converter supplies 
the battery with 33.5 A of current. Because the battery’s initial SOC is set at 32%, the 
battery’s SOC thus begins to increase at that point. 
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Figure 5. Tl FLC based DSTATCOM coupled EVCS response in G2V mode. 
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Figure 6 illustrates the performance metrics of the recommended charging station equip- 
ped with Type-1 Fuzzy Logic Controller (FLC) during Vehicle-to-Grid (V2G) operation. In 
this scenario, the electric vehicle (EV) battery powers the grid. Consequently, the battery 
current is recorded at -33.5 A, leading to a reduction in the State of Charge (SOC) from its 
maximum level. Additionally, the battery voltage approaches that of full discharge. 

In V2G operation with the ANFIS controller, the system responses are shown in Figure 7. 
The grid receives a steady current supply from the battery when it is functioning in this mode. As 
a result, the power factor ranges from 0.96 to 1, and the battery SOC falls with battery voltage. 
THDs of 4.54% and 10.05%, respectively, have been measured in the source and load currents. 
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Figure 6. T1FLC based DSTATCOM coupled EVCS response in V2G mode. 
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Figure 7. ANFIS controlled DSTATCOM coupled EVCS response in G2Vmode. 


Figure 8. DSTATCOM-coupled EVCS response in V2G mode under ANFIS management. 


Figure 8 illustrates the performance of the DSTATCOM-connected Electric Vehicle 
Charging Station (EVCS) utilizing the T1 Fuzzy Logic Controller (FLC) optimized by 
Relative Gain Array (RGA) during Grid-to-Vehicle (G2V) operation. During this phase, the 
battery undergoes charging, leading to a rise in both its voltage and State of Charge (SOC). 
The Total Harmonic Distortion (THD) of the source current is recorded at 4.33%, while the 
load current measures 10.35%. 
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6 CONCLUSION 


Integration of DSTATCOM within Electric Vehicle Charging Stations (EVCS) improves 
Power Quality by reducing current harmonics at the Point of Common Coupling (PCC). 
EVCS employs bidirectional converters for Grid-to-Vehicle (G2V) and Vehicle-to-Grid 
(V2G) modes, with voltage-oriented control for AC-DC converters and multi-scale current 
control for DC-DC converters. A three-phase DSTATCOM mitigates grid current harmo- 
nics, managed by various controllers including PI, Type-1 FLC, ANFIS, RGA with Type-1 
FLC, and Interval Type-2 FLC driven by the IRPT algorithm. Interval Type-2 FLC 
demonstrates superior dynamic response, while MSSNLMF generates reference current for 
DSTATCOM. Compliance with IEEE standards ensures THD remains below 5%, guaran- 
teeing harmonics are within acceptable limits under IRPT and MSSNLMF-controlled 
DSTATCOM operation. 
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ABSTRACT: The goal of the work is to improve wireless communication and operational 
performance at a manufacturing plant by deploying a cognitive radio system. The system 
continuously modifies communication parameters to enhance spectrum efficiency, 
throughput, and reliability across several workstations by incorporating synchronized sensor 
data. Notable improvements on every workstation demonstrate that this analysis sig- 
nificantly increases throughput and spectrum efficiency while minimizing packet error rates. 
The system’s increased capabilities enable real-time monitoring and prompt action based on 
precise timestamped data. The cooperative nature of the cognitive radio system minimizes 
interference and creates a wireless environment that is not disruptive, which is necessary for 
complex manufacturing processes. Remarkably, the system also affects predictive main- 
tenance and energy efficiency since synchronized sensor data offers useful insights into the 
condition of the equipment. The study highlights how cognitive radio has the ability to 
revolutionize the manufacturing sector by providing scalable solutions to handle commu- 
nication problems, cut down on downtime, and advance the sector’s efficiency and 
dependability. This work offers a critical framework for utilizing intelligent communication 
systems to enhance the effectiveness of complex industrial environments and optimize 
operational procedures in light of the changing manufacturing landscape. 


Keywords: cognitive radio, manufacturing plant, wireless communication, operational effi- 
ciency, synchronized sensor data 
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1 INTRODUCTION 


Wireless communication is critical in modern manufacturing facilities, enabling efficient 
coordination, data exchange, and control between workstations. However, maintaining 
reliable and efficient wireless communications in complex environments presents significant 
challenges. Implementing intelligent wireless systems can significantly improve commu- 
nication and management in manufacturing facilities. Cognitive radio systems, which con- 
tinuously adjust communication parameters to optimize performance, are particularly 
beneficial. These systems use radio frequency for wireless communications, which is 
advantageous in industries like construction (Pedraza et al. 2012 [1]). 

Previous studies have highlighted the transformative potential of smart radio systems in 
the manufacturing industry, enhancing efficiency, reliability, and real-time monitoring cap- 
abilities. Integrating synchronized sensor data into smart wireless systems enables immediate 
intervention and predictive maintenance, reducing downtime and optimizing operations (Ai 
et al. 2018 [2]). Furthermore, the interoperability of radio systems is crucial in complex 
manufacturing processes, ensuring seamless coordination and data sharing between multiple 
workstations (Sodhro et al. 2022 [3]). 

Overall, the implementation of intelligent wireless systems in manufacturing facilities can 
lead to improved productivity, reliability, and efficiency by reducing interference, enabling 
real-time monitoring, and facilitating predictive maintenance. This study provides practical 
information on using intelligent radio systems to optimize industrial environments and 
improve operational processes in manufacturing applications. The integration of these 
advanced technologies represents a significant step forward in modernizing and enhancing 
manufacturing processes (Rejeb et al. 2023 [4]; Singh and Singh 2023 [5]). 


2 METHODOLOGY 


2.1 Cognitive radio 


Cognitive radio (CR) is a groundbreaking technology that is transforming wireless com- 
munications with its dynamic and adaptive signal transmission capabilities. It is crucial for 
spectrum reconfiguration, enabling efficient use of available frequencies by identifying 
unused or underutilized bands through dynamic modulation techniques. By utilizing 
dynamic spectrum access (DSA), CR systems can change frequency bands in real-time, 
optimizing spectrum use, reducing interference, and promoting clear communication. 
Modulation and coding play a significant role in enhancing CR signal transmission, as they 
allow devices to adjust their configuration based on channel conditions to improve data rates 
and reliability. CR systems also scan the spectrum to identify primary and secondary users, 
enabling them to make informed decisions regarding spectrum access, utilization, and 
enforcement of regulations. Through continuous learning cycles and decision-making tech- 
niques, CR systems make intelligent decisions based on their interactions with the environ- 
ment, increasing flexibility and efficiency in wireless communications. 


2.2 Methodology 


In a manufacturing facility, a cognitive radio communication system is methodically 
deployed, accounting for the unique problems and requirements of each workstation. 
Enhancing data analysis, real-time monitoring, and communication efficacy for product 
completion across several manufacturing phases is the aim of this project. 

1. Workstation Identification and Sensor Placement: Classifying and identifying the manu- 
facturing facility’s workstations is the first step. As demonstrated in Figure 1, each workstation 
has a specific purpose, such as material storage, CNC operations, pickling, machining, and 
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forging. A range of sensors are placed strategically on each workstation to collect Important 
data on the flow of materials and task completion. Among these sensors are proximity sensors, 
motion detectors, and completion status indicators. Represented in Figure 1. 


Pickling 


a 


CNC machining - 


Inspection and 
delivery 


Figure 1. Workstation and communication flow. 


Cognitive Radio (CR) is a revolutionary technology that is transforming wireless com- 
munication by adapting to the radio frequency environment to efficiently use available fre- 
quencies through spectrum reconfiguration. CR systems employ dynamic modulation to 
identify idle frequency bands for quick and flexible communication. Dynamic Spectrum 
Access (DSA) allows cognitive radios to switch frequency bands in real-time, optimizing 
spectrum utilization, minimizing interference, and ensuring clear communication. 
Modulation and coding enhance signal transmission by adjusting transmission configura- 
tions based on channel conditions, improving data rates and reliability. CR systems also 
reduce interference by scanning the spectrum to find primary and secondary users, coordi- 
nating with primary users to maintain law enforcement. The use of learning cycles and 
decision-making techniques increases flexibility by allowing CR systems to learn from their 
environment and make informed decisions about spectrum use and access. 


2.3 Various sensors used in this research 


Use multiple sensors on various workstations, if you are deploying an intelligent wireless 
communication system at a manufacturing plant it is very important to collect key data of 
material flow and product completion and also manufacturer’s actual process conditions. 
Some of the sensors used include proximity sensor (to indicate a whether an object is nearby 
or not), motion sensor (sensor that detects on its environment), completion status indicators 
(Indicates A task has been completed) environment sensors (temperature and air quality), 
vibration sensor, optical sensor (sensors for precise identification and measurement of 
components in industries recommended failure prediction technologies such as lasers eyes 
scanners etc.), pressure sensors (pressure level sensing devices), sound/voice sensors (sound 
wave), moisture content (moisture level indication levels) and force fprintf.measure = out- 
put. This sensor is aidful for the betterment of communication, industrial vision and system 
reliability. As they offer accurate data secondhand to adaptable transmission configuration 
according to production conditions dynamically, which further lessens downtime multi- 
plicative or divisional scheduled maintenance activities in manufacturing processes. 


222 


2.4 Synchronization of sensor and cognitive spectrum 


The synchronization of sensor data is important to be achieved in many cases (e.g., using the 
Time-Syne Protocol (TSP) algorithm appears critical for smart radio systems). Timing 
source for all network nodes. Both a hall mgr (pre-cdev) and a true ref node are clocked with 
very high precision/large long term stability clocks referenced to international time standards 
[e.g., GPS]. During the calibration process, this algorithm measures how much one clock is 
ahead or behind compared to a reference clock by synchronizing messages. TSP tailors the 
adjustment to local clocks that synchronizes any mobile node in production facilities thereby 
assisting real-time decision-making The choice of calibration methods define the accuracy 
duration of synchronization, for which periodic processes should be taking place in order to 
compensate improper clock flow or environmental influences.In sensor nodes, micro- 
controller units (MCUs) are utilized to handle the communication and radio systems. This 
involves interacting with high precision clocks to achieve accurate timing. High precision 
watches are used as a time base for timing events, and this way data from different sensors is 
being synchronized. IEEE 1588 is a standard describing Precision Time Protocol (PTP), 
intended for transferring data in sensors and radio systems to synchronize clocks within a 
network of systems. Notice that PTP is needed to make the nodes share time information so 
consistent sensor data can be transmitted in smart radio systems as mentioned in Figure 2. 
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Motion | Vibration 


Completion 
status 
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Figure 2. Various sensor used in the research. 


3 RESULT AND DISCUSSION 


The implementation of psychological radiology systems in a production plant has led to real- 
time tracking capabilities, efficient communication tools and overall, better operational 
efficiencies. This type of intelligent radio system resulted in more usage for commercial 
wireless communications within the industrial facility, allotting greater visual resources on 
an “as-needed” basis and increased resolving power.The system can also track the produc- 
tion process in real-time and relate events from different workstations with the timestamp 
kept on these records. Optimization of the workflow is carried out by automatic changes to 
be made in setting the switch for thenext job with a particular workstation completing a 
production process.By considering the employed adaptive strategies, the system has shown 
effective data transmission speed and reliability by applying modulation as well as coding 
techniques to perform optimal communication between several workstations in varied 
channel conditions. Assuring the security for keeping the wireless context secure and inter- 
ference can be reduced using cooperative behavior that results in interference mitigation 
approaches.The energy efficiency levels and predictive maintenance has also increased to a 
level where they are providing equipment control and power based details for predicting 
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detection of failures in the near future. The evaluation of the presented concepts is given in 
Table 1. It proves that high predictive capability such as throughput, predictive error rate, 
interference and communication latency, maintenance alert results from the implementation 
of proposed system ultimately making it effective. 


Table 1. Performance of communication systems before after implementing system. 


Metric Before Implementation After Implementation 
Spectral Efficiency (bits/sec/Hz) 0.45 0.78 

Throughput (Mbps) 12.3 28.6 

Packet Error Rate (%) 3.8 1.2 

Interference Events 15 4 

Communication Latency (ms) 25 12 

Predictive Maintenance Alerts 2 8 


As illustrated in Figure 1, the cognitive radio system also affects performance for Indicators 
and workstations inside manufacturing plants. In each row, the column values represent a 
single workstation, while the row headers reflect key performance indicators that illustrate 
how efficiently the system improves operational processes and communication efficiency. We 
tested the spectrum efficiency of “Material Storage” workstation and it is at 0.52 bits/sec/Hz as 
shown in Figure 9. However, comparing to that result we can say there is a significant gain by 
using CR technology. Here we see that the system has succeeded in optimising data transfer 
within a material storage area, and with 34% better results than before introducing AI into it. 
At the same time, a 28% throughput gain to 15.7 Mb/s that bolstered by implication faster 
data rates of transmission was also indicated. A low packet error rate of 1.5 % resulted from 
the ability of the system to minimize transmission errors and increase its reliability. the 
“Machining and Forging” workstation led to improvements in spectral efficiency by 19% 
reaching also 0.65 bits/sec/Hz. In this case, the throughput jumped to 23.4 Mbps, which is a 
gain of 90%. In that sense we proved the flexibility ability on dynamically changing its com- 
munication parameters according to variations on channel conditions and having thus better 
performance ... In addition, how effectively system perform is give by the packet error rate 
which gets decreased to 1.2% in such a way that it delivers error free data. When the cognitive 
radio system operated at “slurry” workstation, 0.48 bits/sec/Hz gaining a spectrum efficiency 
of about 29% were obtained (see Figure The technology has already demonstrated its cap- 
ability to deliver higher data transmission rates at one of the chemical process-related station 
where throughput increased by 49 percent reaching a level of 18.2 Mbps. In addition, the 
technology worked to reduce interference events by 25 percent creating a communication 
environment less prone to harmful interference. Only the “CNC” workstation showed a sig- 
nificant increase in spectral-efficiency: reaching 0.58 bits/sec/Hz, an improvement of 17%. the 
system demonstrated flexibility to effectively maximizing communication for precision man- 
ufacturing process as well with an increased throughput of 36% at approximately 20.9 Mbps 
The cognitive radio demonstrated its effectiveness in real-time communication by reducing the 
communication latency up to 17 ms, showing a 33% decrease. 


4 CONCLUSION 


Therefore, in conclusion, the cognitive radio system implementation within the manu- 
facturing plant is a revolutionary work that brought significant changes within wireless 
connectivity and productivity areas among various working stations. All these observed 
reliability, throughput and spectrum efficiency improvements prove that the system is very 
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reliable in terms of on-the-fly adaptation where in it dynamically adapts its communication 
parameters based on real time events. Preventive maintenance protocols and holistic real- 
time monitoring are enabled by the synchronized sensor data, leading to minimal or no 
downtime and improved machinery reliability overall. The system’s orientation to the 
establishment of a disturbance-free communication mode, which is vital in an intricate 
production setting, can be also illustrated by the fact that it has the ability to reduce inter- 
ference and stimulate cooperative behavior. To conclude the positive results obtained in 
every type of workstation shows how this system can be implemented not only to tackle 
diverse types of communication issues for different industrial processes. A cognitive radio 
system is an example of innovative manufacturing sector. It is a scalable, intelligent 
approach to improve communication, address the structural challenges and to drive 
enhanced industry productivity and reliability in the coming years. 


REFERENCES 


[l] Pedraza, L. F., Paez, I. P., and Forero, F. (2012). An evaluation of MAC protocols running on a 
MANET network. Procedia Computer Science, 10, 86-93. https://doi.org/10.1016/j.procs.2012.06.015 
[2] Ai, Y., Peng, M., and Zhang, K. (2018). Edge computing technologies for Internet of Things: a primer. 
Digital Communications and Networks, 4(2), 77-86. https://doi.org/10.1016/j.dcan.2017.07.001 
[3] Sodhro, A. H., Awad, A. I., Beek, J. van de, and Nikolakopoulos, G. (2022). Intelligent authentication 
of 5G healthcare devices: A survey. Internet of Things (Netherlands), 20, 100610. https://doi.org/10. 
1016/j.i0t.2022.100610 
[4] Rejeb, A., Rejeb, K., Treiblmaier, H., Appolloni, A., Alghamdi, S., Alhasawi, Y., and Iranmanesh, M. 
(2023). The Internet of Things (IoT) in healthcare: Taking stock and moving forward. Internet of Things 
(Netherlands), 22(February), 100721. https://doi.org/10.1016/j.iot.2023.100721 
[5] Singh, I., and Singh, B. (2023). Access management of IoT devices using access control mechanism and 
decentralized authentication: A review. Measurement: Sensors, 25(November 2022), 100591. https://doi. 
org/10.1016/j.measen.2022.100591 
[6] Adhav, P., Bhoir, A., Bhondiwale, U., Chikane, A., Kamble, B., and Mendhe, D. A. (2022). Study and 
Experimental Analysis on Bitumen. International Journal for Research in Applied Science and 
Engineering Technology, 10(4), 2163-2167. https://doi.org/10.22214/ijraset.2022.41732 
[7] Cui, F. (2020). Deployment and integration of smart sensors with IoT devices detecting fire disasters in 
huge forest environment. Computer Communications, 150(December 2019), 818-827. https://doi.org/10. 
1016/j.comcom.2019.11.051 
[8] Saba, T., Sameh Mohamed, A., El-Affendi, M., Amin, J., and Sharif, M. (2020). Brain tumor detection 
using fusion of hand crafted and deep learning features. Cognitive Systems Research, 59, 221-230. 
https://doi.org/10.1016/j.cogsys.2019.09.007 
[9] Karthik, K., Rajaprakash, S., Nazeeb Ahmed, S., Perincheeri, R., and Risho Alexander, C. (2021). 
Tomato and potato leaf disease prediction with health benefits using deep learning techniques. 
Proceedings of the 5th International Conference on I-SMAC (IoT in Social, Mobile, Analytics and 
Cloud), I-SMAC 2021, 300-302. https://doi.org/10.1109/I-SMAC52330.2021.9640765 
[10] Rokade, A., Singh, M., Arora, S. K., and Nizeyimana, E. (2022). IoT-based medical informatics 
farming system with predictive data analytics using supervised machine learning algorithms. 
Computational and Mathematical Methods in Medicine, 2022. https://doi.org/10.1155/2022/8434966 
[11] Laghari, A. A., Jumani, A. K., Laghari, R. A., and Nawaz, H. (2023). Unmanned aerial vehicles: A 
review. Cognitive Robotics, 3(December 2022), 8-22. https://doi.org/10.1016/j.cogr.2022.12.004 
[12] Maheshwari, L., Janet, J., Jeevanandham, S., Kausic, S., and Manish, M. (2021). Retraction: Forest 
Fire Alerting System with GPS Co-ordinates Using IoT. Journal of Physics: Conference Series, 1916(1), 
488—491. https://doi.org/10.1088/1742-6596/1916/1/012099 
[13] Kulyukin, V., Gharpure, C., Nicholson, J., and Osborne, G. (2006). Robot-assisted wayfinding for the 
visually impaired in structured indoor environments. Autonomous Robots, 21(1), 29-41. https://doi.org/ 
10.1007/s10514-006-7223-8 
[14] Alshamrani, M. (2022). IoT and artificial intelligence implementations for remote healthcare mon- 
itoring systems: A survey. Journal of King Saud University - Computer and Information Sciences, 34(8), 
4687-4701. https://doi.org/10.1016/j.jksuci.2021.06.005. 


225 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Development of multimedia applications using intel MMX 
technology with artificial intelligence in signal processing 


Shantanu Shahi 
Amity Institute of Information Technology, Amity University, Uttar Pradesh (Lucknow Campus), India 


Choppelli Rajasekhar 
Department of ECE, V S Lakshmi Engineering College for Women, Kakinada, Andhra Pradesh, India 


V. Naresh Kumar Reddy 


Department of Computer Science and Engineering, Marri Laxman Reddy Institute of Technology and 
Management, Dundigal, Hyderabad, Telangana, India 


Chandradeep Bhatt 


Computer Science and Engineering, Graphic Era Hill University, Dehradun Adjunct Professor, Graphic 
Era Deemed to be University, Dehradun, Uttarakhand, India 


Y. Rajesh Babu 


Department of Computer Science and Engineering, Koneru Lakshmaiah Education Foundation, 
Vaddeswaram, Andhra Pradesh, India 


M. Selvavathi 


Department of Artificial Intelligence and Data Science, Vel Tech High Tech Dr. Rangarajan 
Dr. Sagunthala Engineering College, Chennai, Tamilnadu, India 


ABSTRACT: The emergence of multimedia applications has changed signal processing. 
Integrating Intel MMX (MultiMedia eXtension) technology with deep learning produces 
these transformations. This connection facilitates multimedia content creation and proces- 
sing innovations. Intel MMX (MultiMedia eXtension) instructions speed multimedia and 
signal processing on Intel microprocessors. These instructions optimize image and video 
processing. Deep learning extracts information from massive datasets. It optimizes video 
analysis, image identification, and natural language processing when coupled with signal 
processing in multimedia applications. Optimization algorithms improve multimedia appli- 
cations. The integrated combination lets apps process and enhance multimedia in real time. 
It helps recommend content depending on user preferences. Deep learning helps monitor the 
system continuously for optimal performance and efficiency. 


Keywords: Multimedia applications, Intel MMX (MultiMedia eXtension, Intel micro- 
processors, Deep learning, Optimum performance 


1 INTRODUCTION 


Software platforms with several specifications are multimedia applications. There are different 
media representations. These apps are essential to our lifestyle. Interactive tools are included. 
Image editors like Photoshop and GIMP are the most popular multimedia apps [1], [2]. Users 
can enhance and manipulate visual system adjusting aspects with this tool. Photography uses 
them extensively. Multimedia programs offer video editing software. Multimedia programs 
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offer Audacity and Adobe Audition audio editing software. This improves visual representa- 
tion. Educational software, VR, and video games use visuals to engage users. Web develop- 
ment and user interface design employ multimedia extensively. Web developers use films, 
animations, and graphics to create dynamic, attractive websites. Multimedia helps user inter- 
face designers create compelling interfaces for mobile and desktop apps. [3]{5]. Multimedia 
applications use AI in many ways. Their creation, generation, and execution are unique. AI- 
powered personalized user suggestions and online platforms are booming [6], [7]. Innovative 
internet platforms are created using user preferences and autonomous decision-making. [3}[5]. 
AI applications include the following. Content analysis: AI recognizes audio and video. This 
aids recommendation-based search [3], [4]. Content generation: AI can generate visuals and 
audio. This uses Generative Adversarial Networks. This helps convert test to sound and vice 
versa. They benefit physically disabled people [8], [9]. Personalization: AI analyzes user pre- 
ferences to recommend data. They improve content by maintaining purity without noise or 
disturbance. [10], [11]. Virtual support and chatbots: AI makes online platforms more enga- 
ging. Through talks, they make recommendations [12], [13]. Augmented and virtual reality: AI 
allows advanced virtual worlds. This requires understanding physical surroundings for optimal 
user experiences[14], [15]. Thus, multimedia applications using deep learning and MMX Intel 
technology offer novel lifestyles online. 


2 EXISTING SYSTEM 


The existing system is implemented through the aid of machine learning techniques which 
exhibit various drawbacks as shown in Figure 1. 
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Figure 1. Existing system. 


The machine learning algorithm needs a lot of training data. Big data collection and 
processing are time-consuming and expensive. Thus, machine learning cannot produce 
optimal results. Labeling multimedia data manually might lead to errors and limitations. 
The quality of machine learning models in multimedia applications is impacted by their 
complexity. The network gains processing power and memory. Complex models may overfit 
during training. Data variety is strong in multithread applications. * Multimedia applica- 
tions contain sensitive data that requires enhanced security and privacy. * Machine learning 
models cannot process multimedia datasets in real-time. This reduces system scalability. 
Multimedia applications present varied issues that machine learning cannot solve. Machine 
learning cannot provide biased content suggestions or search results in multimedia applica- 
tions. Deep learning is used in the proposed approach to overcome these limits. 
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3 PROPOSED SYSTEM 


Multimedia applications developed utilizing deep learning offer unique signal processing. 
Intel MMX was intended to boost Intel x86 CPU multimedia processing. This helps get 
vectorized data processing instructions. Multimedia application performance is the main 
development goal. When combined with CNN, RNN, and LSTm, they can process signals. 
They are then combined with MMX to boost processing. CNN captures and segments 
photos and videos. This helps extract useful multimedia information. Processing is done via 
convolutional and pooling layers. This aids multimedia signal processing. MMX is more 
advanced in multimedia. Combining MMX with CNNs, RNNs, and LSTMs improves 
multimedia applications. 


Data acquisition and input 
F Audio, video and image ia a) 
Preprocesing and signal 
conditioning 
Intel MMX technology 


Multimedia processing 


Post processing and output 


M 


Figure 2. Stages in the proposed system. 


4 IMPLEMENTATION OF THE PROPOSED SYSTEM 


The proposed system is implemented through various stages as depicted below 
Stage 1: Data acquisition 


Table 1. Sample data analytics. 


Task Sample data 

project objectives real-time image enhancement app 
team members Multimedia Developer 

project timeline 6 months 


Table 1 shows the sample data analytics. 
Stage 2: Requirement analysis 


Table 2. AI model requirements. 


Task Sample data 

Gather user requirements Real-time image enhancement 

AI model requirements Convolutional Neural Network (CNN) 
Target hardware Intel CPU with MMX support 


Table 2 demonstrates the AI model requirements. 
Stage 3: Data collection 
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Table 3. Preprocessed data. 


Task Sample data 
Collect image datasets 1000 low-quality images for training 
Annotate data Label images 


Table 3 shows the preprocessed data. 
Stage 4: AI model development 


Table 4. Architecture design. 


Task Sample data 

Develop CNN architecture Conv2D, MaxPooling layers 
MMX model MMX instruction model 
Train model Loss: 0.05, Accuracy: 95% 


Table 4 represents the Architectural design. 
Stage 5: Multimedia development 


Table 5. Interface creation. 


Task Sample data 

Develop GUI Create a user-friendly interface 
AI model AI model for image enhancement 
Optimize for MMX MMxX instructions for multimedia 


Table 5 shows the user interface. 
Stage 6: Testing and debugging 


Table 6. Testing phase. 


Task Sample data 

Unit testing AI model functions 

Performance testing response time 

Debugging Fix issues with real-time processing 


Table 6 demonstrates the testing phase. 
Stage 7: User interface 


Table 7. User interface. 


Task Sample data 
user feedback Users preference 
UI elements improve layout 


Table 7 represents the user interface. 
Stage 8: Integration 
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Table 8. System analysis. 


Task Sample data 
AI and MMX Compatibility and optimal speed 
Test end-to-end System verification 


Table 8 shows the System analysis 
Stage 9: Performance optimization 


Table 9. Scheduled task. 


Task Sample data 
compatibility and optimal speed Reduced memory 


Fine-tune mode Enhance MMX usage 


Table 9 depicts the Scheduled task. 
Stage 10: Deployment 


Table 10. Updates and maintenance. 


Task Sample data 
Deploy the application Release version 1.0 
Updates AI features 
maintenance schedule Monthly updates 


Table 10 demonstrates the Updates and maintenance. 


5 SIMULATION RESULT 


The performance analysis of the proposed system is evaluated through running in MATLAB 
Simulink as demonstrated in Figure 3. 


a = OT 100 
 % $a aalt Aa ABOA 9 
ane - 95 
we: 90 
85 
ia Proposed 
system = Accuracy 
—— Precision 
Recall 
= Energy efficiency 
Figure 3(a). MATLAB implementation. Figure 3(b). Performance metrics. 


Figure 3 A demonstrates the performance metrics of using hybrid optimization 
techniques. 

Results: 

Image File: sample_image.jpg 

Predicted Label: “dog” (or any other class label based on the image content) 
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6 CONCLUSION 


Hardware acceleration for advanced innovations is greatly improved by Intel MMX multi- 
media apps using deep learning in signal processing. The Intel MMx improves media and 
signal processing applications. This makes multimedia apps run better. Integrating deep 
learning with signal processing improves video and audio processing. This aids difficult 
signal-processing tasks. This speeds processing and response. 
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ABSTRACT: The Intelligent Irrigation System (IIS) is an innovative agricultural tech- 
nology. This involves the integration of Wireless Sensor Networks (WSN) and Fuzzy 
Proportional-Integral-Derivative (PID) control. This helps in the optimization of water 
management in precision farming practices. These advanced techniques help in adopting 
effective water resource management with sustainable farming systems. The WSN compo- 
nent involves a network of wireless sensors across the agricultural field to monitor and 
gather the real-time data. The collected data are transmitted to a central control unit through 
a wireless medium. The application of Fuzzy PID control forms an important part of the 
intelligent irrigation system. This helps to obtain intelligent decisions based upon the sensor 
data. The demonstration of uncertainty is achieved using fuzzy logic systems. They help in 
handling the complex and diverse nature of agricultural atmospheres. The irrigation para- 
meters are adjusted using the PID controller. This helps in the identification of crops which 
receive the optimal amount of water within the stipulated time. The integration of wireless 
communication and fuzzy PID control provides various advantages such as remote mon- 
itoring and control, intelligent decision-making and reduced environmental impact. Thus the 
developed system is designed in a way to meet the varying environmental conditions. 


Keywords: Intelligent Irrigation System (IIS), Wireless Sensor Networks (WSN), Fuzzy 
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1 INTRODUCTION 


Agriculture is the practice of cultivating land, raising animals, and growing food to maintain 
the human world. Growing staple foods like corn, rice, and wheat is essential for global food 
security, while fruits and vegetables improve food diversity. Modern agriculture uses advanced 
technologies to increase efficiency and productivity, balancing economic productivity with 
environmental responsibility in sustainable agriculture. Challenges faced by agricultural sys- 
tems include water scarcity, climate change, and pests, which are managed with the help of 
artificial intelligence and optimization techniques. Traditional irrigation methods are being 
replaced with AI-based systems that use sensor technology and IoT devices to optimize water 
use and conserve resources. AI can predict future water needs and adjust irrigation parameters 
according to environmental conditions, helping farmers manage their irrigation systems 
remotely and achieve sustainable practices. In conclusion, artificial intelligence plays a crucial 
role in developing intelligent irrigation systems that conserve resources and improve water use 
efficiency in agriculture. By adopting sustainable water management systems, AI offers inno- 
vative solutions to enhance global agricultural sustainability. 


2 EXISTING SYSTEM 


The traditional or existing irrigation system involves the use of the Internet of Things (IoT) 
for monitoring the irrigation system. This leads to various constraints as listed below. 

Setting up an IoT-based irrigation system leads to a rise in the initial cost. The use of 
sensors, communication devices and various controllers is important for the designing of the 
infrastructure. They are expensive and cannot be to afforded for small-scale farmers [10]. 

IoT irrigation systems are a little bit complex and require specialized knowledge for 
installation and configuration. The farmers must need to have appropriate knowledge for 
troubleshooting various problems [11]. This is due to the absence of automatic decision- 
making techniques. 

The complete system is dependent on internet connectivity which is a major drawback. If 
there any issues arrises with the network connectivity leads to various malfunctioning 
anddegrades the overall performance of the system [12]Various IoT devices in irrigation 
systems require a power source for the operation andfunctioning of the system. They are 
largely difficult in areas with unstable power supply. 

IoT devices are vulnerable to cybersecurity threats. When they are connected to an IoT 
system, they are prone to various hacking, data breaches and unauthorized access. 

To overcome these drawbacks, the proposed system is implemented using PID controllers. 


3 PROPOSED SYSTEM 


The major objective of the proposed system is to obtain intelligent irrigation systems in agri- 
cultural areas. This is implemented using various controllers with deep learning techniques. 

The first stage involves the development of a wireless sensor network. This involves sensor 
nodes and wireless communication modules. The sensor nodes are distributed across the 
surrounding fields and integrated with various sensors. The various sensors used for irriga- 
tion systems are soil moisture, temperature and humidity sensors. The communication 
between sensor nodes and the central control unit is done using the wireless communication 
modules. The data acquisition process takes place. Here the Data Collection Process Takes 
Place. The Data Are Obtained Using The Various Sensors That Are Placed In The 
Agricultural Fields. Then The Sensor Nodes Help In The Transmission Of Data Wirelessly 
To The Central Control Unit. Hybrid Renewable Energy Sources Are Used To Obtain Eco- 
Friendly Farming Practices. 
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Figure 1 depicts the different components of a proposed smart irrigation system. Central 
management units are crucial for utilizing data processing and decision-making technologies. 
Data collected from sensors is processed by data processing units. Fuzzy logic control is used 
for interpreting and analysing sensor data, followed by the use of a PID controller. A parallel 
input control system is initiated based on the output of the fuzzy logic system. A decision unit 
integrates the outputs of fuzzy logic and PID control, with a deep learning program analysing 
historical agricultural data to train a neural network model for irrigation predictions. A per- 
turbation engine is then used to control the pump and valve for irrigation management based 
on crop requirements. A user interface allows farmers to monitor their farms using mobile 
applications or web links, with system status and recommendations provided through feed- 
back. The system is a hybrid model incorporating solar and conventional energy sources, with 
encryption and authentication ensuring secure communication between components. Overall, 
the system aims to optimize irrigation for healthy crop growth. 
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Figure 1. Stages in the proposed system. 


4 PROPOSED METHODOLOGY 


Designing a smart irrigation system based on wireless sensor networks (WSN) involves stages of 
selection and implementation, with sensor selection being crucial for data collection. Parameters 
like temperature, humidity, soil moisture, and light are essential for irrigation management. Soil 
moisture sensors determine moisture levels, while temperature and humidity sensors monitor 
environmental conditions crucial for plant growth. Light sensors analyze sunlight exposure, 
influencing photosynthesis and water absorption in plants. Proper spatial distribution of sensors 
across the agricultural area is important for analyzing soil and environmental conditions. Wireless 
sensor networks improve irrigation system efficiency by enabling real-time data transmission for 
better watering schedules. WSNs eliminate reliance on traditional farming practices by providing 
farmers with remote monitoring and control capabilities. Integrating artificial intelligence and 
neural networks further enhances the capabilities of WSNs in smart irrigation systems. 


4.1 Data collection and processing 


The real-time data are collected using sensors. This involves various environmental para- 
meters. After the collection of data, deep learning algorithms for processing and analysis. 
Their optimization algorithm various factors such as crop type, growth stage, and historical 
weather patterns with surrounding weather and climate conditions. These algorithms help in 
the water forecast through analyzing the historical data. Let us take a survey on an agri- 
cultural farm with various data as shown in Table 1. 
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Table 1. Sample data. 
Time Soil Moisture (%) Rainfall (mm) Irrigation Flow Rate (L/min) 


4.00 AM 30 
5.00 AM 28 
6.00 AM 26 
7.00 AM 20 
8.00 AM 19 


ooooco 
ONMNDN 


4.2 Fuzzy logic control system 


Fuzzy Logic Control (FLC) is an important part of the control and formulation of intelligent 
irrigation systems. They help to overcome the constraints in the traditional approach. The fuzzy 
logic system is used due to its adaptive nature. This involves linguistic variables and rule-based 
decision-making. The significant aspect of fuzzy logic system is that it can able to handle 
uncertainty. The fuzzy sets are demonstrated by the by membership functions that define the 
degrees of truth. This helps the system to model and evaluate the information associated with 
various physical parameters. The core components of a Fuzzy Logic-based intelligent irrigation 
system are the input variables [19]. This involves soil moisture, temperature and humidity of the 
particular farm locality. These inputs are fuzzified in which they are transformed into linguistic 
variables. They are represented as low, medium and high. Membership functions represent the 
degree of membership of the given variables to predefined fuzzy sets. These sets of rules are used 
for the decision-making process. These rules are modelled based on the historical data. 


Table 2. Specific characteristics of the irrigation system. 


Time Soil moisture Temperature Watering level 
4.00 AM Low Low Medium 

5.00 AM Low Medium Low 

6.00 AM Medium Low Low 

7.00 AM Medium High Medium 

8.00 AM High High High 


Table 2 demonstrates the specific characteristics of the irrigation system based on fuzzy 
logic control system output. 

The fuzzy logic driver evaluates language variables for control output clarity by adjusting 
irrigation parameters. Intelligent logic control systems adapt to environmental conditions for 
optimal results. The controller contains irrigation decision information to define relation- 
ships between input and output variables, determining irrigation duration. Rules are 
expressed as if-then statements to establish these relationships, guiding the shadow logic 
control based on arbitrary inputs. Product versions lack watering plans, using a desalination 
process to control irrigation. Rules are continually updated based on previous performance 
for effective irrigation timing. 


4.3 PID controller integration 


Field input controllers (PIDs) are essential for controlling irrigation systems through feedback 
control. The PID controller consists of three main parts: proportional, integrated, and differ- 
ential. The proportional part calculates the output based on the error size, the integrated part 
accumulates past errors over time to remove stability bugs, and the differential part predicts 
future errors to improve output. In a smart irrigation system, the PID controller plays a crucial 
role in indicating errors between soil moisture and the reference point, helping to adjust water 
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flow dynamically. By generating errors at specific times and focusing on the rate of change, the 
PID controller helps improve irrigation efficiency by reducing errors caused by changes in soil 
parameters. This leads to better system stability, vibration damping, and overall effectiveness 
in the irrigation process. Adjusting water flow based on dynamic feedback from sensors can 
ultimately enhance the irrigation system’s performance. 


4.4 Deep learning model development 


The intelligent irrigation system involves the use of a neural network for adopting automatic 
decision-making techniques. This involves a neural network (Figure 2) in which the historical data 
accompanied by real-time inputs from the WSN are used for the training process. They have the 
ability to extract information from complex patterns and relationships between input variables 
such as soil moisture and weather conditions. The designed irrigation system is integrated with the 
outputs of the fuzzy PID controller and the neural network for optimal irrigation decisions. 


Hidden 
Input Output 


Figure 2. Structure of neural network. 
5 TESTING AND VALIDATION 


The project involves testing sensors with meters and simulators, using MQTT, Zigbee, and 
LoRa for communication between sensors and controllers. Functional testing is conducted 
with Selenium, API testing with Dispatcher, and Apache Jmeter for performance testing. 
Appium is used for mobile app components, Wireshark for network analysis, and Matlab 
Simulink to compare system performance of a proposed irrigation system with wireless 
sensors to an existing IoT system, showing 98% accuracy versus 80% (Figure 3). 
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Figure 3. Comparative analysis. 


6 SIMULATION RESULT 


The performance analysis of the proposed system is implemented in Matlab to evaluate the 
functioning of the system (Figure 4). 
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Figure 4. (a) PID controller, (b) SMC controller. 
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7 CONCLUSION 


The integration of an intelligent irrigation system involving wireless sensor networks and 
fuzzy PID control provides innovation in agricultural intelligence with enhanced sustain- 
ability. The integrated system helps to overcome the various challenges in traditional irri- 
gation practices. This results in adopting innovative solutions in water management in 
agriculture. They provide proactive measures and remedies for environmental variations. 
This helps in obtaining increased crop yield with optimum resource utilization. The incor- 
poration of fuzzy PID control helps to improve the adaptability of the irrigation system. The 
fuzzy logic system helps to obtain automatic decision-making techniques. The water dis- 
tribution is optimized using an adaptive control mechanism. Thus the proposed system helps 
in reducing water wastage and energy consumption. They provide various innovative tech- 
niques for precision agriculture. 


REFERENCES 


1] Mendonça, K. H., Gomes, H. P., and Villanueva, J. M. M. (2022). Automation and control of a pressurized 
collective irrigation system based on fuzzy logic. Water Practice and Technology, 17(8). https://doi.org/10. 
2166/wpt.2022.079 
2] Tatas, K., Al-Zoubi, A., Christofides, N., Zannettis, C., Chrysostomou, M., Panteli, S., and Antoniou, A. 
(2022). Reliable loT-based monitoring and control of hydroponic systems. Technologies, 10(1). https://doi.org/ 
10.3390/technologies 10010026 
3] Tian, J., Li, D., and Jia, X. (2022). IoT smart agriculture and agricultural product income insurance partici- 
pant behavior based on fuzzy neural network. Computational Intelligence and Neuroscience, 2022. https://doi. 
org/10.1155/2022/4778975 
4] Justice Chikezie Anunuso, Fred O. Agonga, Babawuya Alkali, Akeem O. Anifowoshe, Callistus T. 
Ikwouazom, and Jatau E. Ayuba. (2022). Intelligent IoT based soil monitoring and irrigation system using 
fuzzy logic control and Nodemcuesp8266 Microcontroller. Global Journal of Engineering and Technology 
Advances, 13(3). https://doi.org/10.30574/gjeta.2022.13.3.0203 
5] Dhumale, R. B., Dhumale, N. R., Umbrajkaar, A., Nikam, S. S., Mane, P. B., and Sarwade, A. N. (2023). Fuzzy 
Internet of Things-based water irrigation system. Agricultural Engineering International: CIGR Journal, 25(2). 
6] Zimit, A. Y., Jibril, M. M., Azimi, M. S., and Abba, S. I. (2023). Hybrid predictive based control of precipitation 
in a water-scarce region: A focus on the application of intelligent learning for green irrigation in agriculture 
sector. Journal of the Saudi Society of Agricultural Sciences. https://doi.org/10.1016/j.jssas.2023.06.001 
7] Li, M., Zhang, R., Zhang, X., and Shi, J. (2023). Construction of an intelligent agricultural irrigation control 
platform based on PLC technology. Applied Mathematics and Nonlinear Sciences. https://doi.org/10.2478/ 
amns.2023.2.00344 
8] Manikandan, R., Ranganathan, G., and Bindhu, V. (2023). Deep learning based IoT module for smart 
farming in different environmental conditions. Wireless Personal Communications, 128(3). https://doi.org/10. 
1007/s11277-022-10016-5 
9] Alamouti, M. Y., Khafajeh, H., Javadi, A., and Dehghanisanij, H. (2023). Design a solar system for fuzzy 
control of intelligent irrigation system. Agricultural Engineering International: CIGR Journal, 25(1). 
[10] Endo, A., Parra, S., Cartagena, O., Saez, D., Muñoz, C., and Huircan, J. I. (2023). Energy—water management 
system based on MPC for a greenhouse in a mapuche indigenous community. Applied Sciences (Switzerland), 
13(8). https://doi.org/10.3390/app 13084734 

[11] Benyezza, H., Bouhedda, M., Kara, R., and Rebouh, S. (2023). Smart platform based on IoT and WSN for 
monitoring and control of a greenhouse in the context of precision agriculture. Internet of Things 
(Netherlands), 23. https://doi.org/10.1016/j.iot.2023.100830 

[12] Zaguia, A. (2023). Smart greenhouse management system with cloud-based platform and IoT sensors. Spatial 
Information Research, 31(5). https://doi.org/10.1007/s41324-023-00523-3 

[13] Xie, P., and Zhang, Y. (2022). Smith predictive intelligent irrigation system based on damping accumulated 
discrete grey prediction. Journal of Chinese Agricultural Mechanization, 43(8). https://doi.org/10.13733/j.jcam. 
issn.2095-5553.2022.08.022 

[14] Haiyan, Z., and Yanhui, C. (2022). Intelligent water resources management platform for precision irrigation agri- 

culture based on Internet of things. Neural Computing and Applications. https://doi.org/10.1007/s00521-022-07902-1 

[15] Zhang, X., and Zhao, Y. (2022). Research on Fuzzy Control System of Intelligent Irrigation Based on Soil 

Moisture. Journal of Engineering Research and Reports. https://doi.org/10.9734/jerr/2022/v23i217593. 


237 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Enhancing crop prediction and resource management: 
A KNN-based approach coupled with IoT-driven 
smart irrigation for rice, wheat, and corn cultivation 


M. Sakthi Sharan, Shivani, D. & M. Ramprasath 


Department of Data Science and Business Systems, SRM Institute of Science and Technology, Potheri, 
India 


ABSTRACT: In places where water shortages are a big problem, using too many fossil fuels for water- 
table pumping makes extraction ratios worse, which makes climate change and global warming worse. 
Sustainable farming needs good groundwater management because population growth raises food needs. 
This study shows how Internet of Things (oT) devices can be used with a K-Nearest Neighbours (KNN) 
algorithm to automatically guess what kind of crop it is (corn, wheat, or rice) and the best way to water it. 
Using sensors to measure soil wetness, temperature, humidity, and total dissolved solids (TDS), our 
system figures out on its own how much water each crop needs each day based on how it grows. Arduino 
UNO microcontrollers and the Adafruit bridge handle real-time sensor data, which lets precise irrigation 
scheduling happen without any help from a person. The Internet of Things Smart Irrigation System is 
introduced in this paper. It is a big step forward for modern farming. By giving farmers automated, data- 
driven insights, the system encourages farming methods that are good for the environment and last, while 
also making farming as efficient as possible. This new technology could help farmers grow more crops and 
protect important water sources in the long run. As the Internet of Things keeps getting better, this 
abstract shows a complete answer that could change agriculture by getting rid of the need for manual 
labour. 


Keywords: Sustainable farming Sustainable farming, Internet of Things (IoT), Smart 
Irrigation System, Data-driven insights 


1 INTRODUCTION 


By 2050, population growth to 9.7 billion will demand 70% more food production. India relies on agri- 
culture for GDP growth [16]. Agriculture drives national prosperity. The major freshwater consumption is 
agriculture 69% [8]. India uses its vast natural resources poorly. Water sufficed. We must save water and 
increase food production to keep up with global expansion[6]. Reduced agricultural water depletion by 
irrigation. Agriculture using irrigation needs tons of water. Water utilization on this arduous process must 
be reduced with an efficient irrigation system[2]. Water scarcity has been eased by drip irrigation, sprinkler 
systems, automated irrigation, and network-based irrigation automation [12]. Farmers water crops tra- 
ditionally. When numerous fields are dispersed across regions, these approaches are inefficient and time- 
consuming [8]. Automation has made irrigation more efficient and easier for farmers [12]. IoT technol- 
ogies are being developed to monitor and maintain crops without human intervention. Smart farming 
solutions monitor crops and automate irrigation with IoT sensor[1]. Automated irrigation systems save 
water, increase plant quality, and optimize irrigation. Modern technologies like IoT, Cloud Computing, 
Machine Learning, Renewable Energy, Sensors, WSNs, and embedded computing improve irrigation 
systems. Cloud computing provides dynamically scalable and frequently virtualized resources over the 
Internet [11]. Technology allows vast volumes of data to be collected and analyzed to better planning and 
decision-making [8]. An integrated irrigation control system using IoT sensors, cloud storage, and a user- 
friendly mobile app is provided in this study. Arduino UNO captures real-time soil moisture, weather, 
and crop needs data with soil moisture and DTH-II sensors. Adafruit bridges relay data to central pro- 
cessors. This study predicts daily irrigation water needs using regression. It uses sensor data and 
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K-Nearest Neighbours algorithms to predict. No studies have used this strategy. Our research combines 
technology for precision. Farmers contribute significantly to India’s GDP, hence a robust IoT framework 
in agriculture is needed. This framework should include all applicable technologies to boost yield and 
quality. This should save electricity and water and help cultivate profitable, cost-effective crops [1]. The 
aforementioned technique will manage water and produce responsibly in India, where irrigation is needed. 
These challenges prompted this endeavor to address Indian agriculture’s water and productivity issues. 
Next portions of the essay follow this order. Section III Methodology follows the Literature Survey. 
Section IV addresses Methodology. Section V evaluates results. Part VI closes and outlines future efforts. 


2 LITERATURE SURVEY 


These articles describe the research, investigations, and advances that lead to IoT-based smart irrigation 
systems with cloud storage and mobile apps. These systems’ technology advances, environmental benefits, 
and economic implications show their current and future promise. IoT technologies for smart agriculture 
address resource depletion, water waste, labor, cost-effectiveness, and productivity. Aims affect solution 
complexity, technology (Cloud-computing, Big Data Analytics, Machine Learning), Raspberry Pi, 
Arduino, and sensors. The literature review includes recent publications and studies of our suggested 
system. R. Nageswara Rao et al. [11] used Raspberry Pi and two sensors (temperature and soil moisture) to 
monitor field activities, irrigation concerns, and production in Precision Agriculture. Cloud computing and 
data-based technologies simplified his hardware. Thaher and colleagues [8] created a cloud-based IoT 
smart irrigation system. Arduino Uno sent YL-69, soil moisture, humidity, and XBee ZigBee modules to 
Raspberry Pi for processing and uploading to ThingSpeak IoT cloud. M Monica et al.’s smart irrigation 
system [12] uses Arduino Uno and a GSM module to track soil, light, and temperature data. Comparing 
data to last year’s in Spark fun cloud determined the threshold. Threshold settings determine Bluetooth or 
app motor control. 2017 conserved more water than 15-16. To reduce water use, administration, and 
expense, Sanket Salvi et al. [13] presented an IoT-based multi-level irrigation system with Cloud-based data 
analysis. A soil moisture sensor (YL-69), DHT11 sensors, and a light intensity sensor on Arduino Uno 
were transferred to ThingSpeak Cloud via Bluetooth (HC-05) for storage and analysis in MATLAB. UV 
LEDs and motor pump turned on/off automatically. In Cloud & IoT-based Smart Agriculture, El-Taibi 
Bouali et al. [3] reduced water consumption by 71.8% with a solar panel-powered smart irrigation system. 
Node-Red uses WSN data for drip irrigation and lights. Through Arduino Nano, Raspberry Pi gatewayed 
solar-powered DHT11, PIR, fire, HC-SR04, AC, and ZigBee sensors. Fuzzy logic makes decisions. 
Researchers in [4] used solar photovoltaic pump modules and a North-west China battery to power the 
system. Integrate SCM, LoRaWan, and mobile apps. High initial investment paid off over time. This work 
has helped us understand the challenges of designing a comprehensive automated smart irrigation system 
using multiple sensors, the Thingspeak Cloud, Machine Learning algorithms, Renewable Energy integra- 
tion, LoRaWan, Arduino Uno, and Raspberry Pi, and the modifications needed for our approach. To 
reduce expense and workload, the scientists used a regression technique from Machine Learning to 
determine daily irrigation water needs from Raspberry Pi sensors, which regulate an electromagnetic valve 
to turn off/on the motor [15]. Wirelessly send and access cloud data with a Java program. EC-1258, 
DHT11, Thermistor, and Arduino-connected sensors’ twice-daily data was analyzed using ground statis- 
tics, SVM, extrapolation, and cluster groups. SVM is accurate and successful with ML classification 
algorithms (Reconstruction Forest, AC (Cluster analysis), Binary incremental division (RT), SVM). A 
frequency module, LoRaWan, sent sensor signals from a microcontroller (PIC) to a gateway for con- 
centration and internet transmission [7]. Apps send ThingSpeak MQTT data. The crop monitor processes 
images. The system was powered by solar photovoltaic pump modules and stored in a North-west China 
battery. Integrate SCM, LoRaWan, and mobile apps. High initial investment paid off over time. We now 
understand the challenges of designing a comprehensive automated smart irrigation system using multiple 
sensors, the Thingspeak Cloud, Machine Learning algorithms, Renewable Energy integration, the 
LoRaWan protocol, Arduino Uno, and Raspberry Pi, and the modifications needed to suit our approach. 


3 METHODOLOGY 


Arduino Uno sensors read temperature, humidity, soil moisture, and total dissolved solids (Figure 1). 
This information controls the water pump to keep the soil moist for plant growth. Raspberry Pi 
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connects Arduino Uno to the cloud. Sensor data is cleaned before storage and processing in the cloud. 
Machine learning algorithms on the Raspberry Pi 4 can assess historical data, anticipate the future, and 
calculate the best watering periods to maximise resource use and crop development. 


= 
bi 


Figure l(a). Block diagram. Figure l(b). Schematic diagram. 


The Arduino and Raspberry Pi-based irrigation control system schematic diagram in Figures l(a) 
and (b) shows component integration. The diagram shows an Arduino Uno connected to a TDS sensor, 
soil moisture sensor, DHT11 sensor, and two-channel relay module-controlled 5V submersible water 
pump. An LCD provides real-time data visualization. Serial connectivity connects the Arduino Uno to 
a Raspberry Pi 4, which processes sensor data using a KNN algorithm. A complete IoT system for 
water management automates irrigation control depending on environmental parameters. Figure 3 
demonstrates how the Arduino-based system receives sensor data, controls irrigation, and presents it on 
an LCD screen. Turn on the Arduino Uno and configure the devices. Arduino collects sensor data like 
soil wetness. To assess irrigation demands, the Arduino compares soil moisture to a threshold after 
gathering data. If soil moisture decreases below the cut-off, Arduino switches on the water pump via the 
relay module. Pumps are off when soil moisture exceeds the threshold. Arduino shows sensor and 
irrigation system data on an LCD monitor. This simplifies system display and interaction. This flow- 
chart shows how the Arduino-based system’s sensor data collection, irrigation control, and data pre- 
sentation functions ease irrigation management and real-time weather monitoring. 


I | 


Figure 2. Flowchart of the sequence occurs in Arduino and Raspberry Pi Figure 4. Sequence diagram. 


4 RESULTS 


Intelligent IoT-based Automated Irrigation System incorporates Arduino and Raspberry Pi 4. Soil 
temperature, moisture, and TDS are monitored by strategically positioned sensors. These sensors give 
data to the Arduino microcontroller for processing. Automatic watering is done with the Arduino and a 
water pump actuator. Serial data goes to the Raspberry Pi 4 controller. This study predicts rice, wheat, 
and maize soil conditions using KNN machine learning. This forecast uses TDS sensor data. Raspberry 
Pi 4’s machine learning algorithm trains datasets on dry, very dry, wet, and slightly damp soil. The 
software can forecast accurately. Raspberry Pi 4 predicts crop demands and sends Arduino control 
signals to start the water pump and field irrigation. Farmers can control irrigated fields using a cloud- 
based website. Figure 6 shows the full prototype. Figure 7 shows the Raspberry Pi 4 as an intelligent 
analysis edge processor. This study predicts soil conditions utilizing soil moisture, temperature, TDS, 
and trained datasets for distinct soil types using KNN machine learning. 
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Figure 3(a). Complete setup. Figure 3(b). Raspberry Pi OS and terminal. 


Figures 3(a) & (b) shows rice as the forecast crop based on hypothetical values of rice-specific 
parameters including temperature, humidity, and TDS (Total Dissolved Solids) from Adafruit IO. The 
technique uses machine learning algorithms to correlate climate with crop development factors to 
provide the forecast. In Figure 9, the Raspberry Pi terminal interface executes the K-Nearest 
Neighbours (KNN) algorithm with a score of 65%. The procedure is running on dataset4.csv, a pre- 
processed dataset uploaded to the system. The dataset should include historical or experimental data on 
environmental conditions and crop types. This data will train and evaluate a machine-learning model 
that predicts crop types based on environmental circumstances. 


U 


Figure 4(b). KNN predicting the crop in 


Figure 4(a). Adafruit output visualisation. ; 
Raspberry Pi and score of the model. 


Figures 4(a), (b) and 5 shows how the soil moisture sensor affects water pump operation. The 
Arduino microcontroller activates the water pumps by lighting the pump indicators or moving the 
pumps. Arduino logic activates irrigation to solve dry soil conditions. Additionally, the LCD’s current 
temperature, humidity, and Total Dissolved Solids (TDS) data. This data is presented to help users 
understand the monitored region’s environmental conditions. This data helps monitor and control 
environmental variables, enabling educated irrigation and crop management decisions. 


Figure 5. Water pumping. 


5 CONCLUSION AND FUTURE WORK 


Arduino and Raspberry Pi 4 microcontrollers built and integrated an IoT-based Automation Irrigation 
System. KNN machine learning identifies the best crop variety. Soil moisture, temperature, humidity, 
and TDS are evaluated. Real-time water monitoring and control boost crop productivity and resource 
use. Multiple research and development paths can improve system performance. Future environmental 
monitoring research may focus on enhanced sensors and technology. Aerial pictures track crop health 
and soil pH. Continuous machine-learning algorithm improvement is needed for prediction. Data 
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analysis may benefit from deep learning. Remote monitoring and control, water-saving methods, and 
convergence with other intelligent agricultural technology improve system efficiency and sustainability. 
Further research in these areas will make the Intelligent Internet of Things (loT)-based Automated 
Irrigation System more advanced and resilient to meet modern agriculture’s needs. 
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ABSTRACT: An in-depth analysis of the AODV and OLSR routing protocols was performed 
in this study based on different scenarios to obtain a comprehensive insight into the performance 
features of MANETs. Several important metrics have evaluated rigorously such as the average 
energy consumption, packet loss, delay, Packet Delivery Ratio (PDR) and routing overhead. 
AODV shows higher packet loss (19.50%) and better PDR (84.6%) on average in comparison to 
the default OLSR implementation (77.45%). In the latency statistics, AODV had a 0.1722 ms 
delay while OLSR recorded a time of millisecond delay of 0.022. concerning energy efficiency, 
AODV was more efficient as it averaged power usage of 78.38 J compared to OLSR which has an 
average power consumption quality value of 145.82 J.II examining routing overhead default cost 
showed that OLSR has hence defaults with a higher value (774) compared to AODVs’ thirty-nine 
seen above(common). The changes in parameter values have significantly affected the performance 
indicators, especially for parameters REQ_RETRIES and OUTTIME_MREQ. These results and 
observations give insights of use for future improvements within mobile communication systems in 
order to increase network resilience, as well as MANET protocol optimization. 


Keywords: MANETs, Routing Protocols, Performance Analysis, Parameter Tuning, 
Mobile Communication 


1 INTRODUCTION 


Mobile Ad Hoc Networks (MANET) are indispensable for many applications, because of its 
system architecture that is dynamic and distributed in nature without need of any fixed 
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infrastructure. Two prominent routing protocols, Ad Hoc On-Demand Distance Vector 
(AODV) and Optimized Link State Routing (OLSR), are investigated in depth due to their 
interesting operation frameworks. AODV creates routes when necessary, making it more 
cost effective. On the other hand, OLSR costs periodically broadcasts its routing informa- 
tion. “It’s fundamental to understand how these protocols work in highly dynamic and 
unpredictable environments like urban landscapes, where you have a lot of mobile nodes 
causing interference with the control signals essential for establishing reliable networks,” he 
added. In order to evaluate routing strategies realistically, static simulation settings are 
insufficient in MANETs and especially urban areas with a dynamically changing network. 
More recent research on MANETs has considered the implications of parameter values for 
protocol performance, including REQ RE-TRIES and OUTTIME MREQ. [6] Such vari- 
ables are instrumental in the sense that they enhance routing protocol behavior under certain 
environmental conditions. MANET is anticipated to have a wider application in the internet 
of things (IoT) and smart cities because this require quality communication between inter- 
connected devices, smart infrastructure all over. Grasping the way MANETs perform within 
city limits is fundamental to the academic study and envisioning of smart urban networks in 
years to come. Research on MANETs is more challenging in urban environments due to 
problems such as the mobility of nodes, interference with signals, and the dynamic changes 
in the architecture of networks based o pedestrian behavior or traffic flow. By and large, a 
complete consideration of MANET in urban environments is essential for any IoT appli- 
cation to flourish while maintaining an environment best suited for smart city operations. 


2 METHODOLOGY 


The study addresses the performance analysis of Mobile Ad Hoc Networks (MANET) 
through simulation based on NS2 simulator. Simulation framework has been implemented 
to configure the parameters and inject network traffic for evaluation of routing protocols 
AODYV, OLSR. In this paper, the delays, energy consumption, packet density ratio differ- 
ence in the initial amount of packets will be discussed; Packet lost and throughput and 
routing cost are taken as KPI to observe the impact of both type protocols on a MANET. 
The process involved having protocols installed in the system, carrying out certain simula- 
tions and then studying the trace files to determine performance. Figure 1 illustrates the top 
view of the research methodology, which includes evaluating MANETs in urban areas using 
various routing protocols. This paper presents a detailed analysis of MANET dynamics and 
performance in urban settings. Architecture of the propose research is shown in Figure 1. 


Simulation 
design 


i d 


Running NS2 


¥ 


Performance 
score 


| | | | | 


Delay and 
Packet data Throughput packet loss routing 
overhead 


Energy 
consumption 


Figure 1. Architecture of the propose research. 
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2.1 Simulation design 


The selection of cases in this work was required to create simulation scenarios for Mobile Ad 
Hoc Networks (MANET). The mobile MANET applications which were in this category 
include the mobile devices such as laptops, smartphones and sensors with MANET tech- 
nology that are used frequently within the context of manets. “The simulated scenarios 
showed us that devices such as smartphones and vehicle-mounted sensors, which we selected 
because they can send packet data, are viable candidates to use VPkC,” he says. *Use of 
UDP transmission protocol *Packets per link=1000 (similar to practical MANET applica- 
tions) The simulation area was 1000 x 1000 m covering such a size that it allowed us to 
observe and analyze how better MANET behaves in the urban environment. To emulate 
MANET transmission characteristics, we sent 10 packets of 512 bytes every minute. 
Presented in Table 1 are some of the key parameters which contribute to making our 
simulation setup transparent and reproducible. The objective of this study is to create as 
much realistic conditions for the most part in order to have a holistic evaluation and 
Palestinian performance slice within MANET urban environments. 


Table 1. Simulation parameter. 


Parameter Value/Setting 

Simulation Scenarios Mobile communication devices with MANET tech 
Devices Considered Laptops, Cellphones, Data-sharing Sensors 
Transport Protocol UDP 

Packet Limit per Connection 1000 

Simulated Region Size 1000 x 1000 meters 

Packets Delivered 10 packets per minute 

Packet Size tes 


2.2 Test strategy 


The primary objective of this study is to assess the performance improvements that can be 
gained through modifications in traditional OLSR and AODV. routing protocols using 
simulation scenario designs. Both scenarios consider the changes in our simulations based on 
key parameter variables, especially those relative to AODV (i.e., RREQ and MAX_RREQ). 
Through simulation in an emulation environment, a total of five nodes with one mobile and 
four fixed nodes were used to observe the routing dynamics and protocol performance as 
closely amenable as realistic. Test scenario is shown in Figure 2. 


C> 


<> 
T CD 


Figure 2. Test scenario. 


Next, we gave the details of network traffic behavior as summarized in Table 2 for one 
link, including what happens when source and destination nodes are further away by varying 
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various pairs: “(Test AODV-RREQ MAX_RREQ).” Finally, the study looked at a delib- 
erate disconnection of source and receiver nodes to measure the influence of changes in 
protocol parameters on creating new network paths depending on node speeds (i.e., urban 
traffic behavior) over time, capturing key aspects of MANET usability and robustness under 
dynamic conditions. 


Table 2. Network traffic characteristics. 


Network Traffic 


Connection Type Source Node Destination Node (Packets/Minute) 
Single Connection Node 0 Node 4 Variable (See Figure 2) 
(Moving Node) 


Disconnected Nodes Varied Varied N/A 


2.3 Routing protocol 


The constants REQ_RETRIES and OUTTIME_MREQ of the AODV routing protocol were 
important for our simulation, refreshed upon they seriously influence on owned experiments 
design as presented in Table 3. This table specified the exact combinations and allowed test case 
generation by iterating over these values as covered above. In this experiment, we aimed to 
draw the relationship and their reflection about AODV protocol’s firewalling performance 
under MANET environments by changing REQ _RETRIES and how these afterwards affect- 
ing OUTTIME_MREQ or vice versa. Thanks to the simulator default setting of MAX_RREQ 
parameters some interesting comparison and observation about protocol behaviour has been 
enabled. Interestingly, the OLSR routing protocol did not contain any related parameters such 
as REQ_RETRIES and OUTTIME_MREQ but included HELLO values to offer better 
performance in terms of storing routing information. It is also interesting to observe that OLSR 
protocol improved the prediction performance of all intervals whilst AODV in its reactive way, 
was not effective for such configuration when MANETs are involved. 


Table 3. AODYV routing protocol parameter combinations. 


Test Scenario REQ _RETRIES OUTTIME_MREQ(s) 
Scenario 1 3 10 
Scenario 2 4 12 
Scenario 3 2 8 
Scenario 4 5 15 
3 20 


Scenario 5 


2.4 Performance score 


Performance Metrics for access network efficiency and reliability: In MANETs, various 
performance metrics are used to determine the effectiveness and reliability of network access. 
Packet Delivery Ratio (PDR) defines the ratio of packets transmitted and forms data that 
are received, providing an insight into how well a network is performing and the services its 
delivering. Other point, is throughput which is measure in terms of bytes per seconds. It helps 
to show how much data it can transfer and also the how efficiently program can handle diff - 
Dropped packets (loss); it affects the network’s performance and reliability, different pro- 
tocols managing losses in a distinct way. Network responsiveness and quality of service in 
the network is significantly impacted by Latency which is defined as time taken for a packet 
to reach from source to destination It estimates the energy utilization of nodes in finding the 
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overall stability and effectiveness because it is important. The dole out Overheads (RO) are 
the count of packets transmitted and this is very important to understand in order to judge 
about routing protocol and network traffic provisioning. They use these metrics to tune the 
performance of the network, develop better protocols and utilize resources efficiently. 


3 RESULT AND DISCUSSION 


In this section, we summarized the findings of our study regarding the performance evalua- 
tions between AODV and OLSR protocols in mobile ad hoc networks (MANETs). It can be 
observed from the comparison of key performance metrics (throughput, latency, packet loss, 
packet delivery ratioPDR), energy consumption and routing overhead that AODV performs 
significantly better as compared with OLSR in terms of PDR and packer loss. Table 1. PDR 
Results for our Candidate On-Demand Routing Protocols (Sorted by Average PDR) AODV 
has an average of 84.6% compared to OLSR ‘s 77.45%. Moreover, adjusting of the parameter 
like REQ_RETRIES and OUTTIME_MREQ in AODV will also led to improved values of 
PDR and reduced packet loss. Other parameter is regarding latency, OLSR has a better per- 
formance than AODV having less value for the relationship. Figure 12 shows the energy 
consumption results, which are that OLSR consumed more energy than AODV. The average 
is respectively for OLSR and AODV: 145.82 J and 78.38J The modification on the value of 
REQ_RETRIES parameter in AODV has an effect also on energy consumption even though 
it increases slightly for higher values. An evaluation of routing overhead demonstrates that 
OLSR yields higher routing costs than either AODV. AODV routing overhead can be influ- 
enced through modification of the features. For instance, lowering the value of threshold_app 
affects reduction in routing cost as Req_retries parameter is lowered. In general, the study 
presents some interesting results concerning the dynamics of MANETs and reveals that proper 
parameter adjustment may lead to, achieving significantly better network operation. PDR 
Ratio is shown in figure shown in Figure 3. 


[| Packet Delivery Ratio 
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Packet Delivery Ratio 


17.45% 
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Default AODY Default OLER AODV RREQ=2)  AODV(RREQ= 4) AODV (MAX_RREQ= S80DV (MAX_RREQ = 12s) 


Metric 
Figure 3. PDR ratio. 
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4 CONCLUSION 


In conclusion, the study analyzed performance metrics of MANETs included energy con- 
sumption, packet delivery ratio, packet loss and latency and routing overhead. Comparison 
between AODV and OLSR protocols, PDR was significantly in the favor of AODV pro- 
tocol but packet loss were higher than those of OLSR. However, significant lower latency 
and energy consumption was observed in OLSR. To conclude, tweaking parameters such as 
REQ _RETRIES and OUTTIME_MREQ is important in optimising the network. The 
study was beneficial in adding value to the network by increasing its resilience, improving 
MANETs protocols and development of mobile communication systems. 
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ABSTRACT: In this work, we investigate the predictive maintenance performance of a 
small-scale electric power plant using multiple machine learning models, including 
Convolutional Neural Networks (CNN), Recurrent Neural Networks (RNN), K-Nearest 
Neighbors (KNN), and Naive Bayes (NB). The models undergo comprehensive training and 
testing on a specialized dataset with the goal of identifying patterns in sensor data and 
enhancing operational reliability. The CNN leads the results with an amazing accuracy of 
96.5%, showcasing its ability to pick up on spatial subtleties. The RNN trails closely, 
demonstrating proficiency in capturing temporal dependencies with an accuracy of 92.2%. 
With an accuracy of 85.4%, NB highlights its probabilistic nature, whereas KNN exhibits 
reliability with an accuracy of 89.7%. These findings, which offer detailed insights into each 
model’s predictive abilities, emphasize the importance of tailored model selection based on 
data characteristics. By exploring complex model architectures, suggesting options for 
hyperparameter modification, and accounting for real-time adaptability, the study estab- 
lishes the foundation for future research. The in-depth understanding gained from this 
research contributes to the creation of predictive maintenance strategies, ensuring the 
robustness and longevity of essential industrial infrastructure in the dynamic context of 
small-scale electric power systems. 


Keywords: predictive maintenance, machine learning models, small-scale electric power 
station, sensor data patterns, operational reliability 
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1 INTRODUCTION 


Modern industrial systems have already become even more flexible with this dynamic land- 
scape. The inclusion of current technologies is indeed promoting previously unseen efficiency 
and innovation. Critical infrastructures, such as small-scale electric power plants must work 
more reliably and efficiently as industries transform. To be able to delivery it, reliable and 
accurate predictive maintenance strategies must be defined in order to detect anomalies or 
possible breakdowns [1,2]. This paper contributes to exploring this critical cross-domain link 
by developing a machine learning-based approach for enhancing predictive maintenance, 
within the favourable circumstances of a small-scale electric power plant [3—5].The small-scale 
electric power station serves as a microcosm symbolising opportunities and challenges of the 
wider industrial landscape. With energy demand on the rise and operational efficiency 
becoming increasingly more important, there’s no better time for proactive, maintenance to 
run approaches. This project is an extensive analysis of predictive maintenance for these types 
of power plants, It includes working with machine learning models. This fits in with the 
emerging philosophy of carrying-out maintenance practices so as to make critical infra- 
structures not only resilient but sustainable using real-time data and high-level analytics [6-8]. 
Where does your problem fall when it comes to its complexity? To accomplish this, the study 
considers three solutions to overcome these problems: 1) comparing spatial and temporal 
patterns of machine learning models (NB, KNN, RNN and CNN), whether the systems can 
be applied for small-scale power plants predictive maintenance or not an in-depth breakdown 
is done of advantages and disadvantages among competing models to develop a framework 
based on results. As a consequence, due to intricate relationships between specific operational 
parameters per sensors over space-time with respect to probable anomalies involved in the 
model creation process thwart attempts at establishing optimal or even plumb line predictive 
support routines in small-scale electric power plants [9,10].Early research in predictive main- 
tenance was based on traditional statistical methods and rule-based systems of maintenance, 
which gave rise to limited knowledge about the strategies of maintenances. To summarize 
what’s been said so far, as industrial systems transformed the process industries and automa- 
tion in those sectors became more advanced, the requirement for increasingly complex tech- 
niques to analyse real-time data escalated. The emergence of machine learning in the field of 
predictive maintenance has been a game-changer allowing analysis and finding correlation for 
seemingly complex patterns within immensely large datasets [11-13]. CNNs and RNNs have 
attracted attention recently, because they can extract spatial features from sensor data in case 
of a NN or temporal features when using LSTM on top of the CNN. Academic literature 
contributes with valuable views regarding both advantages and disadvantages of these models, 
eventually providing also hints on the future potential developments in several industrial sec- 
tors [14,15].That time, as we were speaking of a predictive performance modelling technique 
that was both “state-of-the-art” and establishing itself in the corporate world while: proximity- 
based learning (as exemplified by KNN algorithms) had also effectively staked its ground 
within this model. KNN, on the other hand, clustered similar operational states together to 
offer a flexible and intuitive form of anomaly detection. Similarly, probability-based models 
such as NB offered a new angle to maintenance prediction by modelling the similarities in 
sensor data through distributions of probabilities [16,17]. The research employs various 
machine learning models, such as Convolutional Neural Networks, Recurrent Neural 
Networks, K-Nearest Neighbours and Naive Bayes to improve the accuracy of predictive 
maintenance 100 for small-scale electric power plants. In this way, the study attempts to 
optimize maintenance strategies by accounting for the developing industrial system landscape 
and assessing to which degree the models account for underlying temporal and spatial patterns 
discernible in sensor data captured. The study thus offers valuable information to improve the 
predictive maintenance strategies— weighing its benefits and drawbacks — especially in small- 
scale power plants which may help them become more resilient, efficient pieces of 
infrastructure. 
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2 METHODOLOGY 


2.1 System architecture 


This manuscript offers an approach for predictive maintenance by anomalous detection in a 
small-scale electric power plant, based on sensor data. Temperature, Pressure and Vibration 
are monitored through sensors to have a trace of anormal state and deviation in real-time. 
Machine learning algorithms such as KNN, RNN and Naive Bayes are used to analyze 
spatial and temporal dependencies in the dataStriving to predict the early failure of equip- 
ment with very little downtime. The study also increases the reliability and performance of 
small-scale power plants by providing a higher level of accuracy for predictive maintenance. 
They demonstrate the optimal detection of anomalies by mixing different machine learning 
models that provide industrial applications in electricity production with important insights. 
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Figure 1. Architecture of the proposed system. 


2.2 Convolutional neural network 


Convolutional neural networks, or CNNs, are a crucial component of the predictive main- 
tenance framework used in this work. Because of their hierarchical architecture, CNNs are able 
to automatically and adaptively learn the spatial hierarchies of features from input data. This 
architecture was inspired by the human visual system. Three layers make up a CNN: con- 
volutional, pooling, and fully connected. Convolutional layers extract local patterns and fea- 
tures from the input by convolving across the data using filters. Pooling layers reduce the spatial 
dimensions of the most noticeable features, thereby highlighting them. The abstraction of fea- 
tures is interpreted by fully connected layers, making it easier to find intricate relationships in 
the data. In this study, CNNs operate through a meticulous analysis of sensor data obtained 
from the thermal coal power plant. Through the recognition of hierarchical representations of 
the sensor data, the convolutional layers of the CNN identify patterns that point to both nor- 
mal and abnormal states. The dataset, which includes sensor readings obtained during mal- 
functions, is used to train the network so that it can identify minute variations in the data that 
could indicate additional failures. During the operational phases, real-time sensor data fore- 
casting and anomaly detection are then conducted using the acquired knowledge. The funda- 
mental mathematical operations involved are pooling, activations, and convolutions; however, 
the specific equations related to the architecture and training procedure of the CNN vary 
depending on the implementation framework selected. Convolutional filter weights w, bias term 
b, activation function f, and input data x are all involved in the convolutional operation, which 
is expressed as y=f(x*w+b).Down sampling feature maps using pooling operations—typically 
max pooling—usually makes use of formulas like y=max(x). The backpropagation algorithm 
based on gradient descent is essential for training the network’s weight optimization. 
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2.3 Feature extraction 


In order to extract useful information from sensor data patterns for small-scale electric 
power plant predictive maintenance, this study highlights the significance of feature extrac- 
tion. The two main well-documented trends are falling sensor readings and declining effi- 
ciency, as well as rising sensor readings and unusual efficiency patterns. These distinguishing 
patterns serve as the foundation for feature extraction, which seeks to extract the key char- 
acteristics that set apart potential failure scenarios from normal operating states. Finding and 
measuring pertinent elements within these patterns of sensor data is the process of feature 
extraction. Features such as the rate of decrease in sensor readings and the corresponding 
drop in efficiency are extracted for the decreasing trend. These characteristics record the 
progressive reduction in the power plant’s operating parameters, giving the machine learning 
model vital information regarding the possible emergence of problems. On the other hand, 
the increasing trend with anomalous efficiency patterns can be described by the rate of 
increase in sensor readings and the deviation from expected efficiency levels. These char- 
acteristics record sudden variations that might point to upcoming issues or irregularities in 
the process of producing electricity. The machine learning model is then trained using the 
extracted features, allowing it to identify subtle differences and intricate relationships in the 
data. Techniques for identifying discriminative features include statistical measures, time- 
series analysis, and pattern recognition algorithms. With accurate data from efficiency pat- 
terns and sensor readings, this feature-rich dataset—which is being tracked in real time— 
allows the machine learning model to generalize and produce precise predictions. 


Table 1. Feature extraction. 
Feature Category Description 


Decreasing Trend Features 


Rate of Sensor Reading Calculated as the slope of the linear regression line fitted to the 
Decline decreasing trend in sensor readings. This indicates the speed of 
deterioration. 


Efficiency Reduction Rate Calculated as the rate at which efficiency decreases in correlation with 
the decreasing sensor readings. 
Increasing Trend Features 


Rate of Sensor Reading Calculated as the slope of the linear regression line fitted to the 

Increase increasing trend in sensor readings. This reflects the speed of escalation. 

Abnormal Efficiency Quantifies the abnormality in efficiency patterns during the increasing 

Deviation trend, indicating potential anomalies or breakdowns. 

General Operational Features 

Statistical Measures of Includes mean, standard deviation, and skewness, providing insights into 

Sensor Readings the overall distribution of sensor readings. 

Efficiency Range Represents the range of efficiency values, indicating the variability in 
performance. 

Time-Series Analysis Features 

Autocorrelation Measures the correlation between current sensor readings and previous 
readings, capturing temporal dependencies. 

Seasonal Decomposition Decomposes sensor readings into trend, seasonal, and residual 


components for more nuanced pattern analysis. 


3 RESULT AND DISCUSSION 


Following the training phase, each machine learning model was thoroughly tested using 
thirty percent of the leftover dataset. The testing’s outcomes demonstrated in s Figure 2 
shows how widely the models’ ability to predict outcomes differed. The Convolutional 
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Neural Network (CNN) answered predictions with an amazing 96.5% accuracy rate, dis- 
playing remarkable accuracy. Due to its ability to recognize spatial patterns in the sensor 
data—a crucial skill for spotting anomalies in the power plant—the CNN outperformed the 
other models. Mentioned in Figures 2(a) and (b) 


= Accuracy (%) 100 Precision (%) 
. 7 Recall (%) 


[Accuracy (%) 
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Figure 2(a). Accuracy of the proposed model. Figure 2(b). Performance score of machine 


learning model. 


Second the RNN, which achieved a commendable accuracy of 92.2%. RNN was helpful 
in spotting patterns that indicated potential malfunctions because it was able to discern 
complex relationships in the data. Compared to time-series data, the recurrent structure of 
the data made it easier for the RNN to identify temporal dependencies, which improved its 
performance. 

K-Nearest Neighbors (KNN), a proximity-based learning algorithm, had an accuracy rate 
of 89.7%. KNN is a powerful model due to its ease of use and adaptability to different data 
distributions, even though it performs slightly worse than neural network models. Its 
exceptional ability to spot particular patterns in the sensor data was very helpful in creating 
the predictive maintenance schedule.Figure 3(a) displays the accuracy, recall, F1 score, and 
precision of each machine learning model. These metrics offer a comprehensive summary of 
the model’s predictive maintenance efficacy for small-scale electric power plants. 
Convolutional Neural Network (CNN): It is claimed that the CNN model has very good 
performance. It effectively reduces false positives with a precision of 97.2% by differentiating 
between true positives and predicted positives. It can successfully capture the majority of 
true positives, as evidenced by its 95.8% recall rate. It is evident that recall and precision can 
be fairly traded off with an F1 score of 96.5%. With an overall accuracy of 96.1%, the model 
can distinguish between normal and anomalous operational states. Recurrent Neural 
Network (RNN): This model performs exceptionally well, identifying true positives with an 
accuracy rate of 93.1%. It can accurately identify a significant number of true positives, with 
a recall rate of 91.5%. Recall and precision are balanced throughout the performance, as 
evidenced by the F1 score of 92.2%. The model continuously demonstrates predictive ability 
in identifying temporal dependencies in the sensor data, with an overall accuracy of 92.0%. 


4 CONCLUSION 


In summary, this paper investigates in the realm of predictive maintenance in a small-scale 
electric power plant employing sensor data by utilizing several machine learning models to 
discover trends within. Convolutional Neural Networks (CNNs) are the most powerful 
predictors, which tend to be particularly accurate and efficient in recognizing spatial details. 
Due to its own special advantages, three neural networks including Recurrent Neural 
Network (RNN), K-Nearest Neighbours (K NN) and Naive Bayes (NB) have a plan in the 
predictive maintenance framework. [The results have important implications for model 
selection showing the importance to consider some specific characteristics of data as well as 
operational peculiarities|. There are many things to fine-tune in the future, such as 
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considering real-time adaptability and doing some kind of hyperparameter tuning with 
various more complex model architectures. This work paves the way for future study into 
dynamics properties and characteristics of operational data in small-scale electric power 
systems, as well as improved understanding of industrial predictive maintenance with 
machine learning. The comprehensive comprehension realized by this study will prepare the 
ground for future enhancements in predictive preservation practices, ensuring the compe- 
tence and dependability of essential industrial resources. 
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ABSTRACT: The advancement of object detection has revolutionized numerous fields, 
including security surveillance, search and rescue missions, semantic segmentation, and auton- 
omous driving. However, detecting humans or objects in images taken by Unmanned Aerial 
Vehicles (UAVs) presents unique challenges such as variations in poses, differences in scales, 
adverse weather conditions, and environmental interferences. This study introduces a novel 
method tailored for human detection in aerial imagery, with a specific focus on optimizing 
performance for search and rescue missions. Our method involves training the Efficient DET 
deep neural network employing a recently compiled high-resolution aerial database named 
HERIDAL. To the best of our knowledge, our proposed approach achieves a remarkable 
accuracy of 93.29% mean Average Precision (mAP), surpassing existing techniques. We thor- 
oughly compare our method with the systems employed by Croatian Mountain Search and 
Rescue (SAR) teams (IPSAR) and the HERIDAL database paper, which depends on salient 
feature extraction. Consistently surpassing both benchmarks, our method demonstrates excep- 
tional efficacy in detecting humans from UAV-captured images, highlighting its superior 
performance. 


Keywords: Deep-learning, human detection, HERIDAL dataset, search & rescue 


1 INTRODUCTION 


Recently, object detection has gained significant prominence in computer vision research, 
becoming a central focus across various industries and academic institutions. This field involves 
identifying a wide range of entities, such as humans, animals, vehicles, and everyday objects, 
within images or scenes. It tackles fundamental questions like determining an object’s location 
and identity. Object detection has made substantial progress in addressing critical tasks such as 
multiple object tracking, facial recognition, object segmentation, and search and rescue mis- 
sions, thereby fueling advancements in autonomous driving and life-saving endeavors. 

Despite extensive research efforts in object detection, the task of detecting objects in aerial 
images continues to pose a significant challenge. Aerial imagery poses distinctive challenges, 
such as pose and scale variations, adverse weather conditions, restricted visibility, altitude 
differences, varying lighting conditions, and the existence of artifacts like camouflage and 
motion blur. To address these challenges, it is essential to develop robust detection archi- 
tectures capable of performing effectively across various environments. Conventional 
handcrafted techniques have proven to be less effective in accuracy and performance, par- 
ticularly in the detection of humans or other objects in aerial imagery. 

This paper presents a novel deep learning-based method showcasing superior accuracy in 
detecting humans during mountain search and rescue missions. While the employment of 
Unmanned Aerial Vehicles (UAVs) brings forth both advantages and disadvantages— 
including the risk of collisions near airports and privacy concerns in densely populated 
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areas—drones also offer invaluable opportunities for humanitarian endeavours. For 
instance, drones have been pivotal in identifying fires, evaluating disaster scenarios, and 
rescuing individuals stranded in remote or unsafe environments. The Paris fire department’s 
use of drones during the Notre-Dame Cathedral fire in 2019, as well as their deployment in 
mountain rescue operations, highlights their life-saving capabilities and emphasizes the sig- 
nificance of harnessing UAV technology for humanitarian endeavours. 


2 RELATED WORK 


Recent advancements in object detection and recognition, particularly in aerial imagery, 
have seen a shift towards employing deep learning techniques like convolutional neural 
networks (CNNs). Studies such as [1] and [2] have demonstrated the efficacy of CNN-based 
methods for detecting vehicles, buildings, and other objects in UAV-captured images, even 
in challenging conditions. Moreover, the integration of multispectral and hyperspectral data 
with CNNs, as seen in works like [3] and [4], has shown promise in enhancing precision, 
especially in agricultural and urban environments. 

In the realm of human detection crucial for search and rescue missions, [5] and [6] have 
proposed deep learning approaches, achieving remarkable accuracy rates in identifying 
humans, even in demanding terrains. While these advancements have significantly improved 
object detection in aerial imagery, future research could focus on addressing specific chal- 
lenges like scale and pose variations, adverse weather conditions, and incorporating real- 
time monitoring and autonomous decision-making algorithms to further enhance effective- 
ness in aerial search and rescue missions. 


3 PROPOSED SYSTEM 


For our project implementation, we selected the YOLO (You Only Look Once) model 
version 5 (YOLOvS) [7]. This choice was made due to its exceptional accuracy and efficiency 
relative to other models. YOLOvS5 has demonstrated remarkable effectiveness in precisely 
predicting objects within aerial images, aligning well with the requirements of our project. Its 
rapid processing speed and superior accuracy surpass those of other models, making it the 
preferred option for our application. Shown in Figure 1. 
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Figure 1. Proposed model architecture. 


Leveraging YOLOvS for object detection in aerial imagery offers a notable edge thanks to 
its impressive speed and efficiency. In situations where swift processing of large datasets is 
critical, YOLOv5 architecture shines by providing real-time or near-real-time outcomes 
without compromising accuracy. This aspect is particularly crucial in our proposed system, 
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where timely detection from aerial images is imperative. Even with its impressive speed, 
YOLOVS maintains high levels of accuracy, attributed to its advanced architectural elements 
such as multi-scale prediction and efficient feature fusion.This adaptability extends beyond 
aerial imagery, making YOLOvS a valuable asset across diverse computer vision tasks. 
Backed by a strong community of developers and abundant resources, YOLOv5 emerges as 
a versatile solution with the capability to advance progress across various domains. 


4 RESULT AND ANALYSIS 


The yolo v5 algorithm is commonly used for object detection. In the proposed system yolo 
v5 is used to detect the Human from the input image or the videos Shown in Figure 2. 


Figure 2. Input images. 


Due to the limitations of high-resolution aerial images, many deep-learning methods for 
aerial detection lack accuracy and require extensive computation time. The HERIDAL 
database, with 4000x3000 pixel images, exacerbates these challenges, demanding significant 
GPU RAM and prolonged training times for 1500 labeled samples. To mitigate this, we 
propose a preprocessing step to generate modified HERIDAL databases with smaller image 
sizes (e.g., 512, 640, and 1024 pixels), aiming to improve computational efficiency and 
facilitate deep- learning model training for aerial detection tasks shown Figure 3. 


HERIDAL Dataset 
4000 X 3000 
resolution 


Regenerated 
HERIDAL Dataset 


Figure 3. Regenerated dataset. 
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After preprocessing, we proposed an ensemble learning method using EfficientDET 
architecture. One branch incorporates BiFPN, while the other employs FC-FPN. The fea- 
tures from both branches are concatenated to enhance class and bounding box networks for 
human detection in SAR operations (Figure 4).The paper implemented a model on the 
HERIDAL dataset designed for SAR operations. By employing ensemble learning with 
EfficientDET architecture and feature networks, it improved accuracy over existing state-of- 
the-art human detectors Shown in Figure 4. 


Figure 4. Detecting humans. 


5 CONCLUSION AND FUTURE ENHANCEMENTS 


The study suggests employing drones equipped with ensemble learning-based human 
detection methods to improve search and rescue (SAR) operations in mountainous 
regions. By assessing current person detection techniques on the HERIDAL dataset and 
introducing an ensemble learning approach, the research establishes groundwork for more 
effective SAR missions. Potential future improvements may involve real-world testing, 
integration with SAR systems, enhancing accuracy and resilience, increasing automation 
and autonomy, and creating user-friendly interfaces. Ultimately, the research seeks to 
enhance drone-based SAR capabilities and enhance outcomes in mountain accidents. 
Choosing the appropriate dataset for search and rescue operations is crucial. While Vis 
drone provides extensive urban imagery primarily for surveillance purposes, HERIDAL is 
particularly noteworthy. Gathered from Bosnia’s mountainous terrain, HERIDAL com- 
prises over 68,750 image patches, concentrating on search and rescue scenarios. Featuring 
high-resolution images and precise labelling, HERIDAL is exceptionally suited for train- 
ing models in this specific context. 
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ABSTRACT: This work aims to determine if the deep learning models can predict air 
quality using spectral imaging of the time series data. Spectrograms provide an insight into the 
frequency content over time, and they can detect variations in air quality that are not imme- 
diately known in raw sensor data. We utilize several deep learning architectures and models, 
such as convolutional neural networks (CNNs) and Long short term memory (LSTM) to these 
spectrograms. By doing this, the model can generate intricate patterns that relate to specific air 
quality situations to spectral properties. When using this method rather than more conven- 
tional time series forecasting techniques, the prediction accuracy has increased. Additionally, 
this method provides a new way to utilize spectral information in air quality monitoring. This 
study also examines the effectiveness of deep learning models in this situation. 


Keywords: Deep learning models, CNN Model, LSTM, Autoencoder 


1 INTRODUCTION 


By 2020, more over half of the global population (56.15%) will reside in cities, resulting in a 
68% drop by 2050. Urbanisation causes issues with the air quality, transport, and wellness. 
Air pollution can lead to cardiovascular illnesses, respiratory issues, and early morbidity in 
humans. Plants have also been impacted by pollution, particularly dust and particle matter 
(PM10 and PM2.5).[1] SO2 emissions from industrial activity in India are driving up pol- 
lution concerns. It is critical to properly forecast changes in air quality for decision-making 
and preventative measures. A novel methodology employs spectrograms and deep learning 
algorithms to uncover patterns and correlations between spectral properties and changes in 
air quality, which could substitute older methods.[1]. This Introduction gives a complete 
overview of the problem statement with a discussion of available solutions to the same and 
also the proposed algorithm using spectrograms and deep learning.[2] 


1.1 Motivation 


The air we breathe has a substantial impact on our health, therefore it’s critical to monitor its 
quality. However, typical sensor data for predicting air quality is not always sufficient. That’s 
why this study takes a more comprehensive approach, exercising spectrograms and deep 
learning methods to predict air quality Spectrograms are like visual representations of the 
frequency content, and with the help of deep learning algorithms, they can uncover hidden 
patterns in the spectrum. If we can get a more accurate estimate of air quality, we can take 
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steps to prevent issues like limiting outdoor activities or using emission control tactics to tackle 
the health problems caused by air pollution. This strategic improvement of accuracy for the 
forecasts by utilization of data from spectrograms allows us to gain a deeper understanding of 
the linkages that influence the quality of air. It’s fascinating because it highlights where present 
techniques fall lacking and how spectrograms and deep learning might help us gain a fuller 
view of what’s affecting air quality, resulting in more exact forecasts. 


2 LITERATURE SURVEY 


This section examines deep learning approaches which are used in identifying long-term 
relationships with time series data for air pollution forecasting. Deep learning models 
effectively manage missing values in air pollution data. Chang et al. [4] proposed the 
Aggregated LSTM (ALSTM) model, which clubbed three LSTM models to create a pre- 
dictive model for establishing air quality predictions. To enhance the early forecast of the air 
quality, three different LSTM models were used to evaluate the external pollution data [4]. 
From this study, we believe that deep learning models can make accurate predictions even 
with incomplete inputs. Long Short-term memory units in a recurrent neural network 
(RNN) and a network with encoder-decoder model were used by Bui et al. [5] to predict air 
quality [35]. They assess the accuracy of different configurations, pointing out the difficulties 
in making large-scale future timestep predictions [5]. 

The CT-LSTM approach, first presented by Wang et al. [6], was used to forecast the air 
quality index (AQI) values in Shijiazhuang, China. It combines the chi-square (CT) test with 
LSTM. They contrast this strategy with various approaches and a basic RNN [6]. Liu et al 
uses an LSTM neural network. To develop a wind-sensitive approach for PM2.5 concentra- 
tion prediction. They use ensemble learning for secondary predictions, taking into account the 
spatial-temporal fluctuations in PM2.5 concentrations caused by wind [7][24]. Belavadi et al. 
[8] present a scalable architecture for real-time air pollution prediction, utilizing a wireless 
sensor network and the Open Data initiative of the Indian government. They employ an 
LSTM-RNN model for air quality forecasting due to its performance with time-series data [8]. 
To precisely estimate PM concentrations, Xayasouk et al. [9] developed models for long-term 
memory (LSTM) and deep auto-encoder (DAE) applications. The LSTM model performs 
slightly better. The Internet of Things (IoT) has enabled easy data sharing but also increased 
vulnerability to cyberattacks in IoT systems, which could lead to severe assaults [9]. 


2.1 Time series in deep learning models 


Deep learning is a powerful tool for predicting time series, including the current problem state- 
ment in hand, air quality. There are several models that we use for this, like Recurrent Neural 
Networks (RNNs), Long Short-Term Memory (LSTM), Convolutional Neural Networks 
(CNNs), and 1D CNNs. LSTM is especially good at spotting long-term patterns in time series 
data and solving the vanishing gradients problem that traditional RNNs struggle with. Also, 1D 
CNNs can represent time series data as values and automatically extract important features 
without needing human intervention. Choosing the best model for air quality prediction depends 
on factors such as how far ahead we want to predict the quality of air, the computing resources 
available for the same, and the complexity of the data on air quality [10][11][12] 


2.2 Long short-term memory model (LSTM) 


LSTM networks are frequently used for time series predictions due to their ability to identify 
long-term patterns in sequential data. They solved the problem of vanishing gradients by 
combining a memory cell with input, forget, and output gates. LSTM models are suitable for 
air quality forecasting due to their ability to discern long-term associations. Deep 
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autoencoder models are used for feature learning and dimensionality reduction and may not 
be suitable for direct prediction tasks. LSTMs excel in sequential data modelling, while deep 
autoencoders are more advantageous for unsupervised learning and feature extraction. Both 
models can be used to detect anomaly. LSTM networks are useful for time series forecasting, 
including in natural language processing, finance, and weather forecasting [13][14][15]. 

An LSTM (Long Short-Term Memory) model’s general structure is composed of many 
crucial components: 

Cell State: This acts as the model’s memory, carrying information across time steps. Gates 
allow data to be added to or withdrawn from the cell state. 

Gates: The specialized layers of neural networks oversee controlling the information flow 
inside individual cells. 

Forget Gate (f,): chooses which data from the prior cell state to disregard. It outputs values 
between 0 and 1, where 0 indicates complete forgetting and 1 signifies retaining all information. 

Input Gate (i,): decides which additional data from the previous hidden state (A,;_1) and 
the current input (x;) should be added to the cell state. Additionally, it generates values 
between 0-1 Shown in Figure 1. 


Data Preparation Mode! Training 
(Prepare time series data and (train the modei using spectrogram 


convert it into 
spectrogram images using libraries SURSREpESSS 55an SO wakes ae 


ike matpiotib or librosa) 


LZ 


Data Split Prediction 
(Split data into training and testing Make predictions on new spectrogram 
sets) images 
Model Building > 
n z Model Evaluation 
Build a deep leaming modei (CNN + 
f LSTM based autoencoder) Evaluate Model using testing set 


Figure 1. Air prediction using deep learning models. 


Output Gate (O,): decides which data from the present cell state (C;) is sent to the LSTM 
block as output (h+). Values from 0 to 1 are generated by it. 

Activation Functions: The model gains nonlinearity from these properties, which enables 
it to investigate intricate links in the data. tanh is a common activation function for cell state 
and output in LSTM, while sigmoid is used for gate. 

Here’s a breakdown of the mathematical operations within an LSTM layer: 


Forget Gate f, = o(wy * [h1, x] + by) (1) 
Input Gate i, = o(w; * [Ai_1, X] + bi) (2) 
Candidate Cell State c, = tanh (we * [Ay-1, x] + be) (3) 
Cell State Update C, = f; * C1 + i: * C, (4) 
Output Gate O, = o(wo[hi-1, Ci] + bo) (5) 
Output h, = O, * tanh (c;) (6) 


These equations represent the flow of information through a single LSTM cell. In prac- 
tice, LSTMs are often arranged in layers, each layer’s output acting as the subsequent 
layer’s input. 


262 


2.3 Convolutional neural networks model 


The main components of CNNs are: 
Convolutional Layers: These perform a mathematical operation called convolution to 
extract features from input data. 


— Pooling Layers: These are for reducing data dimensionality and for spatial variability. 

— Activation Layers: These add nonlinearity to increase model’s capacity to perform well 
depending on the type of data given. 

— Fully connected layers: These classify or predict based on extracted features. 


The general information flow of a CNN may be summed up like this: 

Input layer: A prepared time series or picture serves as the input data that enters the 
network through the input layer. The output of the input layer is then served as input to the 
next layer. Convolutional Layers: The data is processed by multiple convolutional layers, 
each with its own set of filters. By understanding the core components and general archi- 
tecture flow of CNNs, we gain an understanding for exploring their diverse applications in 
various image analysis and time series forecasting tasks. 

Convolution Operation: In CNN’s convolutional layer, a filter of size F x F is moved over 
the input data with a stride of S pixels. The filter and a local region of the input are multi- 
plied elementwise and summed to produce a feature map that captures specific features 
based on the filter’s weights and biases. Mathematically, the convolution operation for a 
single output channel can be expressed as: 


ya = > (Xese-ygs- * Wa) +b n 


Where y; represents the value at position (i, j) in the output feature map; W;,; represents the 
weight at position (k, 1) in the filter; Xu+x-1)g+1-1) represents the value at position (i+k-1, j+l- 
1) in the input data; b represents the bias term for the specific output channel; The sum- 
mation iterates over all elements (k, 1) within the filter size F x F. 

Activation Functions: CNNs use activation functions to add non-linearity and increase model 
capacity, just like other neural networks. Typical CNN activation functions include the fol- 
lowing: 


ReLU (Rectified Linear Unit): f(x) = max(0, x) (8) 
tanh (hyperbolic tangent): f(x) = (exp(x) — exp(—x))/(exp(x) + exp(—~)) (9) 


The result of the convolution process is subjected element-by-element to the activation 
function. 


3 IMPLEMENTATION 


The following processes were implemented to utilize deep learning models and spectrogram 
pictures of time series data to forecast air quality: 


— Data Preparation: Using libraries like matplotlib or librosa, the time series data was 
processed and transformed into spectrogram images before getting divided into sets for 
testing and training purposes. 

— A convolutional neural network (CNN) for image processing and a long short-term memory 
(LSTM) network for sequence modeling were linked to create a deep learning model. 

— TensorFlow and Keras libraries were used for the model construction. 

— Model Training: Air quality ratings were used as the output and spectrogram photos as 
the input for training the model. We kept an eye on the training procedure and changed 
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the hyperparameters as necessary by the observed results from the previous. The hyper- 
parameters were tuned strategically to ensure maximum efficiency. 

Model Evaluation: We evaluated the model’s performance with the test data set. The 
efficiency of the model was evaluated using suitable metrics like Root Mean Squared 
Error (RMSE) and Mean Absolute Error (MAE). 

The model may be used to anticipate air quality using fresh spectrogram images once it 
has been trained and assessed. 


The data preparation describes the following details: 


Preparing Time Series Data: The time series data was compiled for this purpose and 
random air quality data has been used. 

Using matplotlib’s ‘specgram’ function, an spectrogram for the same was created from the 
time series data. 

Parameters such as window size, overlap, and colormap were adapted to modify the 
spectrogram. 

Display the Spectrogram Using imshow, a spectrogram image was displayed. 
Spectrogram images used for training & testing. 

Epochs: “Epochs” are the total number of revisions the model has undergone over the 
training set. 


Examining an LSTM- and CNN-based air quality prediction model should take the fol- 


lowing factors into account: 


4 


Steps: In this model, three batches are processed at each epoch. 

Duration: Time taken for each step. 

Represents the model’s performance, and lower values indicate better performance. 
val_loss: Identifies overfitting by monitoring the model’s performance. 

MAE/RMSE: Used to evaluate the model’s performance. sns.lineplot is used for visualization. 


RESULTS AND DISCUSSION 


Using the plt.specgram function from the matplotlib.pyplot module, Figure 2(a) displays the 
data magnitude. This function creates a spectrogram plot that depicts the frequency content 
of a signal over time using a colormap similar to a “viridis.” Differences in color match 
accurately to differences in data values because the ‘viridis’ colormap is homogenous. Lower 
values are blue; higher values are orange or yellow. 


Activation Functions: CNNs use activation functions to introduce nonlinearity and boost 


model performance. The ‘Viridis’ colormap is utilized, with high-intensity values indicating 
yellow and low-intensity values denoting blue. Figure 3(a) depicts the mean absolute error 
(MAE) and the root mean squared error (RMSE). Shown in Figure 2(a) and 2(b). 
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Figure 2(a). Magnitude of data. Figure 2(b). Visual depiction of spectrogram. 
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. Figure 3(b). Convolution and max pooling layers 
Figure 3(a). Computed MAE and RMSE. to generate results LSTM and CNN model. 


Differences (RMSE) is around 0.33. 


F igure 4(a). Prediction accuracy on time Figure 4(b). Visual output of LSTM-based 
series data. autoencoder. 


This provides the opportunity for a visual comparison of how well the model’s predictions 
match the actual values for quality time. To extract features from spectrogram images, a 
sequential model is built employing max pooling layers (MaxPooling2D) and convolutional 
layers (Conv2D). The dataset consists of 100 sequences, each with ten timesteps and one 
feature. 

Seaborn shows the original data (orange line) and the original data (blue line) for the very 
initial sequence. The graphic shows the original data and the rebuilt data. The model is prepared 
for training by utilizing the MSE loss function and the Adam optimizer. This object can be used 
to calculate the training loss over epochs or assess the model’s performance after training. 
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Figure 5. The results show the Adam optimizer. 


5 CONCLUSION 


This study focuses on utilizing deep learning models to predict the air quality from the 
spectrogram images. We have utilized models such as Convolutional neural networks 
(CNNs) and other deep learning models on this spectrogram. Spectrograms can provide a 
visual representation of the frequency content of the data over time. We have utilized 


265 


spectrum-based deep learning models and learned that we can produce more accurate and 
early forecasts. This study demonstrates the need to apply deep learning models for air 
quality prediction and it also demonstrates how it is effective when compared to conven- 
tional time series forecasting techniques. 
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ABSTRACT: This paper focuses on developing a basic real power regulatory control 
scheme that can efficiently supply a single-phase grid with frequency control function 
without requiring an energy storage technology. The power regulation system provides the 
real power regulation controller with the reserve portion of power. To calculate the amount 
of reference power that can be taken out of the PV panels and supplied into the grid, use the 
appropriate fraction. Because of the proportional, combined derivative, and integral con- 
trollers, using a PI Controller will cause the system to respond more slowly. In order to 
attain a quicker response time, a fuzzy logic controller was employed rather than a PID 
controller. The present work compares the fuzzy and the PI controller’s functioning for 
regulating real power. The controller’s system performance is validated in the MATLAB/ 
SIMULINK environment. 


Keywords: Real power regulation, Single-phase grid, Reserve fraction, PV panel, PI and 
fuzzy logic controller 


1 INTRODUCTION 


Solar and wind are examples of renewable energy that are essential for tackling environ- 
mental problems caused by fossil fuels. The goal of this research is to control frequency in 
solar systems linked to the grid without energy storage. In the past, the plant operator had to 
provide a reserve % for a PI controller; however, quicker options, such as the fuzzy logic 
controller (FLC), are being investigated to improve system performance. Faster reaction 
times and dynamic responses are provided by the FLC, which enhances frequency control 
and power quality in solar PV systems. Using modeling and simulation, the controller’s 
efficacy is compared to that of the conventional PID controller. The fuzzy logic controller is 
demonstrated in a grid interfaced system, the grid connectivity of solar PV systems is 
essential for addressing environmental concerns. By means of simulated trials, the efficacy of 
the FLC in improving power quality, grid stability, and energy efficiency is to be evaluated 
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in order to contribute to sustainable energy solutions while also optimizing power generation 
while maintaining grid dependability. 


2 LITERATURE REVIEW 


In [1-3] The power control strategy for solar systems presented in this study uses a PI con- 
troller to set a maximum feed-in power limit in order to guarantee accurate, stable, smooth 
transitions, and consistent generation. In [4-5] An overview of control strategies, such as PI 
controllers, and grid integration approaches for distributed power producing systems is given 
in this work. In [6-8] The goal of the project is to optimize efficiency and safety of trans- 
former less inverters for solar systems by solving common mode leakage current concerns 
and perhaps integrating PI controllers. In [9-12] The study explores a transformer less 
inverter design for grid-connected solar farms, with its efficiency and affordability in inte- 
grating PV power into the grid. In [13-14] this study seeks to improve the MPPT algorithms 
in double stage grid connected PV systems to boost power extraction, possibly utilizing 
control methods resembling PI controllers for better accuracy and efficiency enhancement. 
In [15] In order to improve on the existing hill-climbing techniques and achieve faster and 
more precise convergence to the peak point under various weather circumstances, the study 
looks at a fuzzy logic controller for MPPT in PV systems. In [16] With ANN prediction and 
fuzzy logic control combined, this work offers a hybrid neuro fuzzy approach for MPPT in 
PV systems. When compared to traditional methods, simulation results confirm its efficiency 
to maximize energy output from grid-connected PV systems, MPPT is essential. 


3 MATHEMATICAL MODELLING 


3.1 Active power regulation scheme proposal 


Grid-connected solar PV systems are optimized by active power regulation, which modifies 
power production to correspond with grid demand, improving energy output, system per- 
formance, and dependability. Fuzzy Logic Controllers keep an eye on elements like radia- 
tion levels and temperature to keep the photovoltaic array running at its best. In order to 
optimize peak power operation and maintain grid stability, active power regulation modifies 
the output of grid-connected solar PV arrays to match grid requirements. Algorithms are 
used in techniques like the fuzzy logic controller (FLC) to monitor and modify power output 
in response to solar radiation levels, load demand, and temperature. By boosting energy 
yield and preserving a steady supply of electricity, this improves system performance overall. 
A two-stage, single-phase solar system linked to the grid is shown in Figure | with a PI 
controller, and the identical system with a fuzzy controller is shown in Figure 2. 


i DC-AC 
ty ij Converter 


SPWM 


Active Power regulation 
controller 


Reserve Faction | 


Figure 1. Two-stage, 1-¢ solar PV system connected to the grid using PI controller control scheme. 
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Figure 2. Fuzzy controller for a two-stage. 


Output Power of the converter tracks the solar PV is 
Pout = Vinpp X Impp (1) 
The voltage at the MPP is approximately: 
Vinpp = Voc — Impp X Rov (2) 


3.2 Maximum-power-point (MPP) estimation 


To maximize power generation in photovoltaic systems, optimal Power Point Tracking 
(MPPT) is essential for changing solar panel operating points for optimal output. For tra- 
cing the maximum power point (MPP). The general single-diode photovoltaic panels have 
an output voltage-output current relationship that is often described as . 


V+ RAI V+ RI 
<n (x0 naV, ) 1) Rp ` 6) 


As a result: 
— ( Vinds/na V, )exp(( Vin F RsIm)/na Vi) T VinRp 


= 4 
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3.3 PQ controller 


In order to achieve predetermined standards, power systemsreal and reactive power flows are 
managed by power quality controllers, or PQ controllers. They use the deviations between 
measured and reference values to alter the output of power converters and inverters using 
proportional-integral (PI) controllers. In addition to lowering voltage-related problems and 
increasing energy efficiency and reliability, this guarantees that the system voltage, fre- 
quency, and power factor remain within predetermined parameters. 
K; 
Ge(S) = Kp +— (5) 
The real and reactive power output of the PQ controller can be expressed using the fol- 
lowing formulas: 


re) o 


ma [l er i 


3.4 PI controller 


Combining proportional and integral modes, the PI controller adjusts output depending on error 
signals after changes in load to control system faults. Converters that are operated in closed-loop, 
with settings chosen for low steady-state error and quick settling, provide stability. Combining 
the integral and proportional methods to eliminate errors and fix inconsistencies results in an 
analytical formula that governs both modes. The PI controller adjusts system output based on 
error signals by combining proportional and integral modes for stability and rapid response. 


= Kyep + KPK: feat + P,(0) (8) 


3.5 Fuzzy logic controller 


Without a precise model, the fuzzy logic controller (FLC) skillfully handles nonlinearity. 
The error and change in error are defined by equations (27) and (28) and are used as FLC 
inputs to calculate the duty cycle. 


4 SOLAR PV MODULE OPERATION 


Using semiconductor materials like crystalline silicon, solar PV modules transform sunshine into 
electricity for lighting systems with wattages ranging from 50 to 350. With linked solar cells with a 
p-n junction powering different objects and structures, they improve energy efficiency and allow 
excess energy to be reinjected into the system by lowering dependency on fossil fuels (Figure 3). 


2.Temparature Constant 
3. Reserve fraction is Zero 


FOCONTROLER RESIS 


‘Two-stage grid-connected single-phase solar-PV system with control logic] 
Figure 3. Two-stage grid-connected 1-@ solar system. 


5 SIMULATION RESULTS 


A watt power of 250 Solar - PV system MPP estimator and controller are tested using a 
Matlab/Simulink model. Simulation studies confirm the method’s effectiveness across dif- 
ferent environmental conditions, verifying its ability to accurately predict maximum power 
and inject it into the AC grid (Figures 4(a), 4(b) and 5(a), 5(b)). 


Figure 4(a). Variation in grid power and MPP Figure 4(b). Variation in grid power and MPP at 
under different radiation conditions at 25 °C different temperatures and radiation levels with 0% 
with no reserve fraction by using PI controller. reserve fraction by using PI controller. 
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Figure 5(a). Variation in grid power and MPP Figure 5(b). Variation in grid power and MPP at 
estimation by using FLC. different temperatures by using FLC. 


6 CONCLUSION 


In a power regulation scheme and a fuzzy-logic controller (FLC) significantly improved the 
overall efficiency of the 2 stages, l1-p, network connected solar PV module, according to 
performance analysis. The FLC regulates power flow efficiently, which guarantees a seam- 
less energy conversion process and grid integration. The two-stage setup increases control 
and durability over a wide range of weather conditions. Power quality, stability, and reduced 
fluctuations are all enhanced by the proposed approach, according to extensive simulations 
and analyses. The FLC’s ability to adapt to changing solar conditions makes it a crucial 
component in maximizing energy extraction and grid integration. In conclusion, this study 
shows that FLC-based control techniques have promising potential for improving the per- 
formance of grid attached solar PV systems. 
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ABSTRACT: In order to fulfill the demand for electricity without using any fossil fuels, the 
number of grid-connected renewable energy source-based electric power production systems is 
growing daily. Due to its ability to maintain a consistent output voltage’s amplitude and frequency 
regardless of the wind speed flowing on the windmill rotor, DFIGare usually employed in wind 
turbines. Furthermore, the DFIG offers a great opportunity to use power electronics converters 
with adequate control systems to enhance the dynamic behavior of the network. Power converters 
may be controlled using a wide range of structures and control methods. Nevertheless, with abrupt 
variations in the speed of the wind, traditional controllers are unable to operate at maximum 
efficiency. In order to accomplish multiple tasks upon connected to the grid the DFIG systems, an 
innovative control approach that uses Takagi-Sugeno-Kang (TSK) fuzzy controls is suggested in 
this study. Testing is done on the suggested control system with different reactive power loads, 
voltages, frequencies, and wind speeds. OPAL-RT modules are used during the Hardware in the 
Loop (HIL) implementation to display comprehensive findings and get realistic reactions. 


Keywords: DFIG, Renewable Energy, TSK-Fuzzy, Grid Connected System, HIL, OPAL-RT 
1 INTRODUCTION 


Applications for producing electricity from environmentally friendly sources are encoura- 
ging efforts to slow down global warming. Globally, the amount of electricity produced 
utilizing sources of renewable energy is rising daily to fulfill demand without emitting any 
harmful gasses . Because wind energy is available everywhere, it serves as the ideal renewable 
energy source for producing power. It is possible to build both onshore and offshore wind 
energy-based power producing systems. Wind energy conversion technologies have longer 
lifespans and need relatively little in the way of operational expenses. 


2 LITERATURE REVIEW 


In [1-3] the primary function of a turbine is to transform wind speed into mechanical energy, 
which is then utilized as a source of energy into an electrical power plant to produce 
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electricity. There are several types ofgenerators that may be utilized by wind power con- 
version systems. In addition to being many, back-to-back converters in doubly fed induction 
generators are usuallyemployed in high power rating systems. 

In [4-5] when equipped with an appropriate control mechanism, DFIG systems allow 
wind turbines to run at different wind speeds. High power generating systems use DFIG 
systems in particular.Connecting a DFIG-based wind power production system to the utility 
power gridrequires the use of a back-to-back converter approach since wind speed varies. 
Therefore, in order to improve system stability and economy, valuable control mechanisms 
must be used to these converters. On converters, a variety of controlling strategies are used, 
the majority of which make use of traditional proportional plus integral (PI) controllers. 

However, because PI controllers have fixed outputs that are calibrated at a certain moment, 
they are unable to produce correct output under fluctuating conditions [6-7]. Therefore, it is 
necessary to create a fuzzy-based control strategy to achieve optimum system efficiency even in 
the face of unpredictable system changes. Takagi-Sugeno-Kang (TSK) fuzzy controllers are 
simpler and need less computing time than mamdani type fuzzy controllers [8-9]. 
Furthermore, for wind turbines to gather the most energy under all feasible situations, they 
must include a maximum power point tracking (MPPT) system.Therefore, in order to function 
as an MPTT device for wind turbines and transmit active power to the grid, an integrated 
hybrid control approach is built in this study on back-to-back converters using the aid of TSK 
fuzzy controllers.In [10-13] the maintaining nearby loads without using additional reactive 
power via the grid is also necessary for reactive power compensation, the produced real power 
must be delivered to the utility grid. The power quality can also be enhanced by this way. 
Furthermore, as it becomes very difficult to monitor wind turbine speed, a sensorless system 
for MPPT on the DFIG shaft can provide the greatest results at the lowest cost. In [14-15] this 
articles, TSK-Fuzzy controllers are used to build a sensor less MPPT control on the rotating 
side converter and a double loop vector control on the grid side converter.The following parts 
are used to organize the paper. Section 3 provides a description of the system, while Section 3 
details the TSK fuzzy controller’s architecture. Section 5 presents the suggested technique. In 
section 6, the results are shown with the aid of setting up Hardware in the Loop (HIL) utilizing 
OPAL-R technology. Section 6 discusses the conclusion. The Appendix contains a list of the 
parameters for the different system components. 


3 DESCRIPTION OF THE SYSTEM 


Figure | depicts the configuration of the grid-connected DFIG system with back-to-back 
converter. There are two power electronics converters needed: one for the rotor side and 
another that has to be interfaced on the grid side via a transformer. Both converters need to 
be linked to a common DC-link. Finding the greatest power location requires the use of an 
appropriate MPPT algorithm. The widely used Perturb and Observe (P&O) approach 
determines the ideal operating condition for obtaining the most energy with just voltage and 
current. Therefore, the rotor side converter is utilizedto implement the P&O algorithm. 
Furthermore, the speed sensorless approach is implemented to estimate the DFIG’s speed 
without the need of any speed sensors.The rotor side converter’s control mechanism is also 
used to regulate reactive power. Grid end converter regulates the voltage across dc-link, or 
the voltage across both converters. 
This paper is presented to fulfill following list of objectives. 


e Create TSK-Fuzzy controllers for the suggested control strategies. 

e On the rotor side converter, sensorless control of MPPT is used to maximize power 
output from wind turbines without detecting turbine speed. 

e Reactive power management is utilized to control the DFIG’s speed using a rotor side 
converter. 

e By implementing the recommended control approach on the grid-side converter, the 
reactive power required by local loads at the PCC is effectively compensated 
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e By using the suggested control mechanism, PCC’s power quality is enhanced and it 
achieves quick reaction times even in the face of erratic wind speed fluctuations. 


wind 


Transformer 


Mf rotor side gid side 
~ converter converter 


win 


ductive 
filter 


Sra] 


k O, 
i Control of”: 
rotor side 3 
{converter j 


Figure 1. Model layout of grid connected DFIG System. 


4 DESIGN OF TSK-FUZZY CONTROLLERS 


Because of their constant gains during abrupt changes in the system, traditional pi con- 
trollers might not be able to create an accurate standard signal from an error signal .gains on 
pi controllers are often tuned under specific circumstances. A tsk-fuzzy controller is used to 
prevent this scenario it can automatically modify benefits by utilizing any machine learning 
approach. As a result, the TSK-Fuzzy controller has the capability to generate an accurate 
signal in every scenario where system changes occur. 

The quantitative form of the fuzzy network being represented by equations 1 & 3 
respectively 


Y=Wifit Wih (1) 
A=mX +X. +r (2) 
f =X +X +r (3) 


Where, p1,2; q1,2; r1,2 are the tunable variables. 

A trained artificial neural network (ANN) network updates the system’s required weights 
automatically on a regular basis to provide a rapid enough reaction under all circumstances. 
The specified TSK-Fuzzy controllers are easily applicable to converter control techniques in 
grid-connected DFIG systems. The TSK-Fuzzy controller will receive the error signal and 
use it to generate the appropriate reference signal for the control technique (Figures 2, 3). 


pi» qı, T1 


(A) mdmo 


P2; q2, r2 


Figure 2. Model diagram of ANN interfaced with TSK-Fuzzy system. 
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Figure 3. TSK-fuzzy rules-weight functions. 


Two nonzero possible functions (w,(x;)andu,(x;)) are considered while designing the 
TSK-Fuzzy system as follows: 


Atl A+) n 
D ga 2 (ira) Cm, dees My 


i=1 


Ay m=ji M=jn 
fœ) E j+l jntl n (4) 
= E (Tac) 
m=jı M=Jn M= 


Where denominator is usually considered as unity because of normality and consistency of 
the fuzzy sets. Therefore, 


m(x) +(x) = 1 (5) 


Actually the TSK-Fuzzy controller designed for this system is two input and single output 
system. Hence, 


I(x) = Chj T (Citij = Cip Ju (%1) + (Cija = Cija (X2) 


(Gis Chj+l Cita Ch+1j+1 Ju (X1 u2 (x2) (6) 


Generally the membership functions are defined as: 
1 0 1 0 
(x1) =, — x1); and (22) =p 7) (7) 


Where, xf<x<x; for positive membership and x9<x<x for negative 
membership. h; = x; — x?. 

The above equation (7) can be further represented in graphical model as shown in 
Figure 4. 


Figure 4. Graphical representation of membership function. 
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5 PROPOSED CONTROL METHOD 


This paper proposes novel control strategies employing TSK-Fuzzy controllers for both grid 
and rotor respective sides of converters. By controlling a DFIG’s speed and a P&O-based 
MPPT algorithm is also integrated into the RSC control mechanism, enabling it to function 
as an MPPT device on wind turbines. Through the use of the direct and quadrature (d&q) 
components of voltage and current, the speed of the DFIG is determined. As a result, this 
method can detect the speed of the DFIG/wind turbine without the need for an additional 
sensor. Since the reactive power needed by the DFIG is likewise regarded as a reference 
reactive power component, the RSC can serve as the generator’s reactive power supply. 
Figure 5 depicts the RSC control system. 
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Figure 5. Integrated control scheme of RSC using TSK-Fuzzy controllers. 
6 RESULTS AND DISCUSSIONS 


Figure 6(a) illustrates the applied profile of wind speed and makes it evident that ramp-type 
growing and lowering occurs when wind speed varies. This type of profile is closer to real 
time, and the system also includes a two mass turbine model. As a result, the pitch angle 
controller may experience some delay, and the turbine’s dynamics may become sluggish, 
similar to a real-time model. 

Figure 6(b) depicts the pitch angle control mechanism’s corresponding operation. Pitch 
angel control and a two mass wind turbine model combined have resulted in the speed 
acquired by the DFIG system (after gear system) in per unit (p.u.) that is depicted in Figure 6 
(c). In Figure 6(d), the relative voltage at the dc-link is displayed. The dc-link voltage briefly 
changes when the wind is blowing over its cutoff speed, however suggested converter man- 
agement strategies keep the voltage within acceptable bounds. 


1190| 


Figure 6. Responses of (a) wind speed, (b) pitch angle, (c) speed of DFIG, (d) voltage at dc-link. 
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7 CONCLUSION 


This study proposes control strategies for grid-connected DFIG systems based on TSK- 
Fuzzy controllers. By using the RSC of the DFIG system, the speed sensorless approach is 
used to tap maximum power from the wind farm. The GSC’s control system includes reac- 
tive power compensation. The ANN approach, which is based on machine learning, is used 
to update the controllers’ gains in order to improve their responsiveness to different varia- 
tions in wind speed. Because of TSK-Fuzzy controllers, precious answers are acquired dur- 
ing random variations in wind velocity. A HIL is established for the purpose of displaying 
the findings using OPAL-RT modules. 
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ABSTRACT: Our research is into the area of energy management and load optimization 
in microgrid stations, specifically as EV charging station based microgrid Stations Thus, in 
this study, we have forecasted the loads to correctly use the resources with intelligent energy 
management algorithms using CNNs, KNNs, RNNs and SVMs whilst classifying and 
adopted SVM optimized ANN which predicts efficiently. The results demonstrate promising 
results, with CNN and KNN reaching above 98% accuracy for both. The models also show 
high accuracy in load prediction and classification. In particular, RNN SVM ANN are 
better than 90%. “We have shown the potential of machine learning to improve microgrid 
efficiencies and stability,” the authors concluded. With proper load forecasting, operators 
would be able to take informed decisions and do efficient resource allocation while balancing 
the peak loads which in turn will improve the user experience. This research provides a way 
forward for sustainable energy management and solutions to better enhance the performance 
of microgrid in the role of electric vehicle charging station. 


Keywords: Microgrid Optimization, Load Forecasting, Electric Vehicle Charging Stations, 
Machine Learning Models, Sustainable Energy Management 

1 INTRODUCTION 

These include the energy management and load optimization of these microgrid stations in 


addition to being operated as electric vehicle charging station [4]. The central focus of the study 
will be forecasting load and optimizing the resources for intelligent energy management using 
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machine learning models like CNN, KNN, RNN, SVM AND ANN. From the results, it could 
be inferred that there were promising outcomes.is due to accuracy levels exceeding 98% and 97% 
accomplished by CNN and KNN (separately). In addition, our models maintain high accuracy 
for load prediction and classification where RNN implementation achieved more than 90%, 
SVM with highest is about 97.5%, ANN was over 90% These results show the potential of ML 
to improve both microgrid performance metrics and its robustness. In this case, the ability to 
accurately forecast loads on your servers means you can make better decisions; allocate resources 
more efficiently (while spinning up and shutting down fewer “just in case” VMs...), and keep all 
users humming along with great experiences. It provides insight into sustainable energy man- 
agement and as an electric vehicle charging station, it couldprovide optimal solutions to enhance 
the performance of microgrids.The emerging issue at microgrid stations is to design an efficient 
energy management plan that can readily serve the growing needs of renewable energy sources 
and electric vehicles. Nowadays machine learning techniques can be used to wisely manage the 
microgrid station in load forecasting and resource allocation. As machine learning models get 
better at predicting load patterns, microgrid performance and efficiency will only improve — 
especially as microgrids start to take the form of electric vehicle charging stations. Several models 
(i.e., CNN, [4], k-NN [10], RNN, SVM[1I0]) and ANN’s ([14]) have been demonstrated to 
improve load optimization for microgrid stations. The integration of machine learning models to 
microgrid operations can pave the way towards sustainable, energy-efficient practices. With the 
power of making data-driven decisions, microgrid operators can lower energy wastage and have 
better resource management while giving a seamless experience to the end user. Study authors 
wrote: “The results shown by the outlined simulation demonstrate that machine learning plays a 
crucial role in the advancement and enhancement of energy management and performance in 
microgrid stations, specifically those creating power driven cars.” The findings indicate that 
machine learning models may open doors for new sustainable energy management technology 
directly incorporated in to microgrid operationsTo sum up, the research goal is to assess the 
applicability of machine learning models for improving load optimization and energy manage- 
ment at microgrid stations operating in a mode of electric car charging. Microgrid operators can 
use the analytics to predict load pattern more accurately and optimize resource allocation, 
making whole system workings better not only for themselves but also enhancing user experi- 
ence. This study highlights the importance of utilization machine learning’s potential for better 
energy management as well as getting more from microgrids in an ever-changing era of energy. 


2 METHODOLOGY 


This paper presents an approach to improve microgrid operation programmatically through 
charging stations using simulation and machine learningSES IT To meet the peak-hour challenges, 
it uses machine learning algorithms and key on so they can predict patterns of their load using 
historical as well external data. Microgrid efficiency increases by optimal power load distribution 
and incorporation with the real time information. The alarm system notifies EV owners if the 
location is busy or crowded. This will prevent jamming and satisfy the user experience. Enhanced 
energy storage and efficient resource utilization enable more accurate load forecasting and 
thereby, better resource scheduling. It, therefore, reduces dependency on external sources and acts 
as a driver of the performance systems by making proper load management. Shown in Figure 1. 
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Figure 1. Microgrid. 
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2.1 Machine learning approach used in this research 


In this work, we present an approach based on multiple machine learning methodologies for 
solving the ambitious microgrid optimization problem in a scenario of electric vehicle 
charging utility. SVM, ANN, KNN. RNN. CNN,ANNs etc can also be a implementation 
which could further enhance user guidance, forecast load patterns to optimize the load dis- 
tribution, and improve energy storage capacity. 


2.2 Convolutional neural networks 


A vital feature of modern-day machine learning, CNNs are amazing in activities or chores 
involving cyphers such as image analysis and voice recognitive (text classification) capabilities 
because it senses the data with a N x M grid model. they use the layers like pooling, activation, 
convolutional and fully connected to extract the features effectively. — if the convolutional 
layers detect spatial patterns, and activation functions introduce non-linearity into data, do 
pooling layers downscale it? This kind of layer is used for classification or regression tasks 
(fully connected). This makes CNNs suitable for finding complex load patterns, which is 
essential in the optimization of microgrids. Efficient energy management in the context of 
charging stations for electric vehicles is a must, and CNNs help optimize our use of resources. 
Indeed, this innovation contributes to achieving sustainability through greater efficiency. 


2.3 k-Nearest Neighbours 


KNN: A lazy learning model which can be used for classification and regression tasks as 
well. Very useful in pattern anomaly detection, Image Analysis so many. It uses the average 
of k closest datapoints from majority class to make predictions on test data using distance 
measures such as Euclidean distance. KNN is also non-parametric, robust to noise, easy 
adapted and effective to bi- and multi-class tasks. Unfortunately, its goodness relies on the 
scale of the shape, distance measure and k-value and it can be expensive for large data sets. 
For example, in microgrid optimization KNN allows us to be resource efficient by finding 
charging points closer to the electric generator stations which helps is better load balancing 
and user experience. 


2.4 Recurrent neural networks 


By processing sequential data and enabling to keep memory states, Recurrent Neural 
Networks (RNNs) perform well in microgrid optimization especially for the electric vehicle 
charging station. This combination of detecting spatial dependencies and reviewing histor- 
ical data trends allows them to be used to forecast load patterns and also optimize loads over 
time. While RNNs are effective in processing sequential data very effectively by using the 
information from hidden states, they suffer from vanishing gradients. New architectures like 
Gated Recurrent Unit (GRU) and Long-Short Term Memory (LSTM), have been devel- 
oped. These model information flow between systems, enabling better long-term reliability 
modeling and overcoming the problems of gradient loss. 


2.5 Support vector machines (SVM) 


In this paper, electric vehicle charging stations are modeled based on support vector 
machines (SVMs) because SVMs are well-adopted in regression and classification problems. 
SVMs perform very well when capturing complex patterns in data, and it works with both 
linear and nonlinear relationships. The SVM and appropriate features can improve the 
accuracy of specific load conditions forecasting which is useful for microgrid operators to 
achieve efficient prediction by preprocessing load data and selecting “active” feature vector. 
Though SVMs has constraints, they are flexible in using kernel functions which increases 
their usability across a wide range of applications. 
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2.6 Artificial neural networks (ANN) 


Artificial Neural Networks (ANNs) which resemble the architecture of the brain are great at 
capturing complex data patterns. ... are then used in microgrid optimization applications. 
Here, input data are fed forward through the layers with weights tuned to minimize error 
during training purposes. ANNS (ANNs): ANNs can be used to forecast load patterns, 
models operational system of an ES and make fast adaptation to newly incoming data. Its 
efficiency is based on the parallel processing of high-dimensional data, which is particularly 
important for energy systems. Performance also heavily depends on your architecture, types 
of training and how much you tune everything to get the most out of it. Researchers are also 
exploring how models can improve tasks like load forecasting. Further, they are important 
technologies for sustainable energy management and enhancing efficiency of microgrids and 
electric vehicle charging. They are irreplaceable when it comes to energy optimization, 
thanks to their adaptability and ability to recognize patterns. 


3 RESULT AND DISCUSSION 


This study gathered data from five microgrid stations to better their performance by the 
application of machine learning methods into the electric vehicle charging station. The dataset 
prepared after above prepossessing is then used as both test data and train data by dividing it 
in to training entity for various attributes such as power consumption, weather, time of the day 
etc. that affect load patterns All models predicted the load forecast exactly as they are in 
attached image below which indeed help operators to decide on resource and load shedding 
decisions. From the experimental results, CNN had achieved maximum accuracy of 98.92 % 
using many feature vectors followed by KNN: 97.6% and RNN:94.4% [1]. In addition, the 
SVM models and ANN model also provided good prediction with over 90% validation 
accuracy. @ The CNN model has the best precision, recall and F1 scores meaning it is pro- 
viding with accurate predictions As we observe KNN has successfully identified the load 
pattern and also made a good prediction. This work indicates that machine learning, especially 
CNN and KNN models can be effectively used in order to optimize the operation of microgrid 
stations such as electric vehicle charging points which contribute load management while 
salvage energy resources sustainably. With utilities leveraging such models, there remains 
potential for an overhaul in the way of managing microgrids that increases efficiency and 
better adapts to real-time energy requirements! Results are mentioned in Table 1. 


Table 1. Power consumption across various station. 


Day of the Week Station! kW Station2 kW Station 3 kW _ Station4 kW Station 5 kW 


Sunday 150 120 180 110 140 
Monday 130 110 170 100 120 
Tuesday 140 115 185 105 130 
Wednesday 135 105 160 115 125 
Thursday 145 125 175 120 135 
Friday 160 130 190 130 150 
Saturday 155 120 180 125 140 


4 CONCLUSION 


This study uses machine learning in improving the electric vehicle charging facilities at five 
microgrid stations. CNN accuracy: 98.92% KNN accuracy: 97.6 % RNN judgement (time it 
took to manufacture a term which has analyzed) is near about similar as story so I would like 
you people see the code same at time if anyone can read part of this histogram, good signal 
ammo (obviously we have not tried on more tales so who knows what unique regressions can 
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be frequented). SVM and ANN did good as well CNN showed the highest precision, recall 
and F1 score and therefore was able to get most of its predictions on the correct side. From 
this study, it opens new recognition about CNN and KNN for the microgrid operation 
optimization towards strengthening energy sources sustainability. 
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ABSTRACT: All substances that have the potential to harm humans or the environment 
are considered air pollutants. One of the main causes of air pollution is particle pollution. 
They are essentially a collection of several airborne particles. Particulate matter, or PM, has 
been linked to higher rates of heart and lung disease and death. This essay examines the cities 
of Dehradun, Haridwar, and Rishikesh in Uttarakhand. We have evaluated the pollution 
levels and their impact on public health in these cities. We have explored three cities in 
Dehradun: ISBT, Rajpur Road, and Clock Tower. However, we have selected two cities, 
namely SIDCUL and Rishikul and we have selected two cities in Rishikesh namely, Nagar 
Nigam and S.P.S Hospital. Through data research, we discovered that, as the nation’s 
capital. 


Keywords: Particulate Matter, Environment, CPCB, Air Pollution 


1 INTRODUCTION 


The health of humans and the ecosystem as a whole are both threatened by air pollution, 
which has grown in importance over the past few decades in urban areas. “Air pollution” is 
the term used to describe the alter in the physical and chemical property of ambient air that 
are brought about by either gaseous pollutants or suspended particles that have an adverse 
effect on human wellbeing and the surroundings as a whole. An area’s weather and climate 
can be significantly altered by air pollution, which can be both natural and man-made. The 
World Health Organisation (WHO) estimates that air pollution-related health problems 
account for over seven million fatalities worldwide year; in 2019, air pollution killed nearly 
two million Indians. Primarily, air pollutants can be divided into two groups: secondary and 
primary. Primary pollutants are those that are directly emitted into the atmosphere by the 
emission source, while resultant pollutant are created when primary pollutants interact or 
undergo a chemical reaction. Two of the main primary pollutants that have long-term det- 
rimental effects on human health and the ecosystem are nitrogen dioxide (NO3) and sulphur 
dioxide (SO) [1,2]. The main sources of these gaseous pollutants are automobile emissions, 
power plants, industry, and biomass burning. These are the emissions of nitrogen dioxide 
(NO2) and sulphur dioxide (SO), which might affect the regional balance of radiation and 
chemicals. In addition to being a major source of gaseous pollutants into the atmosphere, 
burning fossil fuels also has a big impact on climate change and the worldwide chemical 
composition of the atmosphere. Numerous serious health problems, like as asthma, lung 
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cancer, cardiovascular disease and respiratory disorders, one of the leading causes of 
humanity worldwide, are linked to these pollutants. Acid rain is another effect on both 
terrestrial and aquatic ecosystems caused by the gaseous pollutants SO, and NO . An air- 
borne combination of solid and liquid that has an impact on human health, climate and 
natural ecosystems is called particulate matter. PMj9 refers to the term for airborne sus- 
pended particulates with a diameter of 10 um or less [3,4]. Due to its smaller size, PMjo is 
more readily absorbed by the respiratory system and can lead to major health issues like 
asthma, cardiovascular disease, and early mortality. Construction sites, biomass burning, 
wood burning, power plants, agriculture dust, smokestacks, and other industries can all 
release PM 9 into the atmosphere, either directly or indirectly. This study clarifies the lock- 
out effect on gaseous pollutants and particulate matter concentrations in this situation [5—7]. 


2 REVIEW OF LITERATURE 


In India’s major cities, the transport industry are the main contributor to air pollution 
(Gurjar et al. 2004). In India, the yearly development rate of motor vehicle has been roughly 
10% for the duration of the past ten years. Approximately 32% of these cars travel through 
major cities, which account for 11% of all the vehicles in India (Singh 2005). The city’s public 
transport options include bus, trams, automobile, taxi, the metro, circular rail, water ferries 
and local train. The state’s bus fleets include executive, special, and standard buses. The 
several types of private buses include regular, charter, school, and minibus. The amount of 
all three primary air pollutants (namely Carbon mono oxide, Hydro Carbon, and Nitrogen 
Oxide) dramatically rises with a decrease in motor vehicle speed, according to a study done 
by the Centre for Science and surroundings, New Delhi [8-10]. According to the study, 
India’s CPCB present air quality standards (AQS) for the pollutants PM 9, PM>.5, and NO» 
substantially underestimate the additional health risks and need to be altered right once for 
better response strategies to save lives. According to the State of Global Air 2020 report, a 
sizeable portion of India’s population is suffering from the disorders such unending 
obstreperous pulmonary disease, diabetes, ischemic heart disease, stroke, lung malignant 
cells, and lower respiratory infections that are caused by the adverse health impacts of air 
pollution, including morbidity and mortality, and neonatal deaths. Numerous studies, par- 
ticularly those conducted on adults, have found a strong correlation between rising air pol- 
lutants including PM (PMj9 and PM; 5), O3, CO, and NO, and hospital admissions for 
COPD, cardiovascular and respiratory disorders. 


3 SITE DESCRIPTION 


3.1 Study area 


Dehradun city, located at 29°58’ -31°20° N latitude and 77°34’ -78°18" E longitude, 
640 meters above mean sea level, and covering an area of 300 km, as the site of atmo- 
spheric PM measurements. On the other hand, Haridwar is one of the oldest in habited 
settlements recorded in Hindu texts,earning it the title “holy city.” Mayapuri, Kapila, 
Gangadwar, and Mokshdwar are all names for this location, which is known as the entry 
point to the Uttarakhand pilgrimage sites of Badrinath [11-13] ,Kedarnath, Gangotri, 
and Yamnotri [7]. Rishikesh (30.09 °N; 78.27 °E) is located in the foothills of the 
Himalayas in the vicinity of the Ganga and Chandrabhaga rivers. Nagar Palika Parishad 
(NPP) site was selected for the study in Rishikesh. NPP is a commercial area located near 
Janki Setu, which is a famous tourist spot for rafting [14]. Location map of Dehradun, 
Rishikesh and Haridwar study cities in Uttarakhand state. (India Map Source: www. 
freeworldmaps.net) 
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3.2 Methodology and data collection 


The present study’s air quality data, including the concentrations of SO, NO2, PM>.5 and 
PM, were documented monthly between 2022 and 2023 by the Uttarakhand Pollution 
Control Board (http://ueppcb.uk.gov.in). SO, is quantified using the modified West and 
Gaeke method. By this technique, the SO, absorptions in a sodium tetrachloromercurate 
solution occurred at an average flow rate of one per minute. The range of detecting SO2 
concentrations is 4-1050 ug/m*. Nitrogen dioxide (NO2) is measured using Modified Jacobs 
and Hochheiser method. To collect ambient NO, in air-bubbling, Sodium hydroxide and 
sodium arsenite solution are used. A sample with NO, concentration can be determined by 
monitoring the chemical reaction due to absorption of highly colored dyes through spec- 
trophotometer readout that has a wavelength response ranging from 9-750 ug/m3 at a length 
of 540 nm. The filtration-gravimetric method was employed to measure PM 19 concentration 
by use of respirable dust sampler (Envirotech 460 NL). It was placed two meters high above 
the floor. The particles were together with Whatman filter paper (20.3 x 25.4 cm) alongside 
the machine [15]. 


4 RESULTS AND DISCUSSIONS 


Three different cities have selective locations where the concentration of PM; 9 and PM) 5 
varies. The section explains particulate matter concentration at some specific locations in 
Dehradun, Haridwar and Rishikesh city. The period of study was 2021 and 2022. 


4.1 In Dehradun city 


It was 2021 that saw Dehradun city with highest levels of PM 1 at the clock tower (153.61 ug/ 
m°), followed by ISBT (151.34 g/m). Regarding the Conversely, if we discuss the level of 
PM; 5 in the city. The ISBT had the highest concentration in Dehradun city, at 91.89 ug/m?, 
followed by the clock tower, which registered 89.75 ug/m3.The analysis conducted in 2022 in 
Dehradun revealed that the concentration of particulate matter PMjo was greater at ISBT 
(151.17 g/m?) than at the clock tower (150.83 ug/m*). On the other hand, PM- ; levels were 
greater at ISBT (88.12 ug/mĉ) and clock tower (84.96 ug/m°) Figure 1(a&b). 
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Figure 1. (a). Showing the concentration of PM10. (b) PM2.5 at selected sites during study period 
(2021-2022). 


4.2 In Haridwar city 


In 2021, however, it was observed that the Rishikul area in Haridwar city had a high con- 
centration of PM (123.34 ug/m°). On the other hand, Rishikul in Haridwar City has a high 
concentration of PM; ; (84.79 g/m"). Conversely, in 2022, the highest recorded concentra- 
tion of PM; was found at Rishikul (132.29 ug/m°), with SIDCUL following closely behind 
with 126.95 pg/m*. Additionally, the greatest concentration of PM>.5 was recorded at 
Rishikul (94.09ug/m°), with SIDCUL coming in second with 92.25ug/m*(Figure 2(a&b)). 
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Figure 2. (a) Showing the concentration of PM10. (b) PM2.5 at selected sites during study period (2021-2022). 


4.3 In Rishikesh city 


The S.P.S. hospital located in Rishikesh had the highest possible levels of with Nagar Nigam 
coming in second (128.65 ug/m°). In contrast, the S.P.S hospital had the highest concentration of 
PM o (79.44 g/m") when it came to the level of PM; 5 in the city, followed by Nagar Nigam 
(73.34 ug/m°). On the other hand, in 2022, S.P.S hospital (134.62 g/m") and Nagar Nigam had 
the highest recorded concentrations of PMjo. Furthermore, S.P.S hospital has the highest con- 
centration of PMs (71.08 ug/m°), followed by Nagar Nigam (70.33 ug/m°) (Figure 3(a&b)). 


Figure 3. (a) Showing the concentration of PM10. (b) PM2.5 at selected sites during study period (2021-2022). 


4.3.1 Variation in the concentration of sulphur dioxide at selected locations of three different cities 
This section explains the sulphur dioxide concentrations at three distinct cities’ designated 
locations throughout the research years of 2021 and 2022. 


4.3.2 In Dehradun city & Haridwar city 

The greatest quantity of SO, was recorded at ISBT (22.12 ppm) in Dehradun, the capital city 
of Uttarakhand, followed by Clock Tower (21.46 ppm) Figures 4 and 5. On the other hand, 
SIDCUL in Haridwar City had the highest concentration (12.61 ppm). 


Figure 4. Showing the concentration of SO2. 
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Figure 5. NO2 at selected sites during study period (2021). 


The primary pollutant released by the car is sulphur dioxide, which also contributes sig- 
nificantly to the development of acid rain. The limited number of trees beside the highways 
causes variations in the concentration of sulphur dioxide. Because they absorb sulphur 
dioxide, trees are crucial in controlling the amount of sulphur dioxide in the atmosphere. 
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4.3.3 In Rishikesh City 
The concentration was determined to be highest in Rishikesh near the S.P.S Hospital (20.15 
ppm), followed by Nagar Nigam (20.03 ppm) Figure 6. 


Figure 6. Showing the concentration of SO2 & NO2 at selected sites during study period 2021. 
4.4 Variation in the Nitrogen Dioxide content at particular places throughout several cities 


4.3.5 In Dehradun city 

The concentration was determined to be highest in Dehradun near the clock tower (25.55 
ppm), followed by ISBT (25.42 ppm).On the other hand it was discovered to be greatest in 
SIDCUL (20.11 ppm) in Haridwar city(Figures 7 and 8). 


Figure 7. Showing the concentration of SO2. 


40 


Figure 8. NO2 at selected sites during study period 2022. 


4.3.6 In Rishikesh city 
The concentration was determined to be highest in Rishikesh near the S.P.S Hospital (25.11 
ppm), followed by Nagar Nigam (24.99 ppm) (Figure 9). 


Figure 9. Showing the concentration of SO2 & NO2 at selected sites during study period 2022. 


5 CONCLUSION 


Since air pollution contaminates our air, water, and soil, it poses a serious ecological hazard. It 
also seriously jeopardises the diversity of life on Earth. Studies showing a link between air pol- 
lution and a decline in species variety have amply illustrated the detrimental effects of environ- 
mental pollutants on the extinction of flora and fauna. Evidence exists that airborne toxicants can 
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impair the reproductive system of animals. The emission of greenhouse gases into the atmosphere 
can cause acid rain, temperature inversions, and other notable biological impacts of air pollution. 
Exposure to current ambient PM levels has the potential to drastically reduce life expectancy. The 
main cause of shorter life expectancy is the rise in lung cancer and cardiovascular disease rates. 
Asthma bronchitis in children and chronic obstructive pulmonary disease (COPD) in adults are 
equally serious conditions that impair lung function and, as a result, quality of life and lifespan. 
Long-term contact to PM has been linked to increased risks of cardiovascular and cardio- 
pulmonary death, according to conclusive evidence from cohort studies. When breathing through 
the mouth as opposed to the nose, more sulphur dioxide is inhaled. 

Breathing quickly and deeply is necessary to increase gas diffusion in the lower lungs. People 
tend to breathe in more SO2 when exercising in dirty environments, which could exacerbate 
irritation. The body can readily absorb either sulfite or bisulfite that is produced when SO2 
condenses along the airway. Sulfite appears to induce bronchoconstriction via a network of 
receptors in the brain and the sensory lining of the airways.Numerous symptoms, such as 
coughing, wheezing, chest pain, diaphoresis, fever, bronchospasm, and pulmonary edoema, 
can be brought on by toxic quantities of nitrogen oxides. Another study found that humans 
can tolerate concentrations of nitrogen oxide between 0.2 and 0.6 parts per million (ppm). 
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ABSTRACT: Crop yield forecasting is crucial for predicting harvest outcomes, influencing 
governmental decisions, market prices, and import/export regulations. It expedites warehouse 
construction and enables proactive measures, such as timely humanitarian aid in response to 
potential crop losses from natural disasters. Acknowledging the adverse effects of excessive 
fertilizer use, the review emphasizes optimal fertilizer recommendations and advanced remote 
sensing techniques. The literature overview explores diverse methodologies, including machine 
learning and statistical approaches, focusing on regression techniques applied to satellite data. 
The study develops and compares models, presenting calculation results and evaluating against 
reference model.ESP8266 enables real-time monitoring of soil temperature, humidity, and 
moisture content. Based on this data, it provides precise fertilizer recommendations, optimiz- 
ing crop growth and minimizing environmental impact. 


Keywords: ESP8266, Crop Yield Forecasting, Temperature, Humidity, Soil Moisture 


1 INTRODUCTION 


India’s economy heavily depends on agricultureand is crucial to food security. More impor- 
tantly, India has established itself internationally by using regional technology to provide daily 
updates to farmers. These technologies play an important role in increasing crop yields and 
supporting permaculture practices. Direct access to real-time farm data enables informed 
decisions on conservation and health. The government has always emphasized the importance 
of agriculture by creating special projects to ensure food security.The country recorded an 
estimated rice production of 116.3 million bushels from 2.5 million hectares using a variety of 
statistics including area, crop growth, weather models, remote field assessment, and geo- 
graphic information systems (GIS). Crop forecasting traditionally relies on manual work and 
requires detailed information about crop conditions, growers, insect damage, environmental 
damage and other things. But searching for books is expensive and difficult. The utilization of 
remote sensing technology has streamlined this process, enabling decision-makers to swiftly 
access relevant information about all regions and their current statuses with a single click. 
These technologies reduce the time and resources needed for tasks like crop damage assess- 
ment and yield evaluation, enhancing efficiency and accuracy. Satellite-derived optical and 
radar images are commonly used for monitoring agricultural activities. Combining crop 
models with geographic information systems and precise observation networks supports the 
forecasting of yields and the monitoring and assessment of droughts. To conduct a thorough 
evaluation using remote sensing images, it is essential to acquire detailed information about the 
local distribution of food abundance and deficiencies in the region .A neighbourhood fertilizer 
map involves integrating crop fertilizer demand models with remote sensing data for the 
monitoring of in-field crop masses. Ongoing advancements in satellite and unmanned aerial 
vehicle (UAV) image monitoring and forecasting are continuously progressing. Although non- 
destructive testing has been conducted, its widespread use is challenging due to its intricate 
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nature. By combining conventional and widely accepted NFOA models with UAV data, the 
adaptability of UAV imagery is effectively utilized. Moreover, the approach is straightfor- 
ward, user-friendly, and enables the generation of precise fertilizer dose tables for accurate 
fertilizer application recommendations in extensive agricultural areas. 


2 LITERATURE SURVEY 


A crop recommendation system that integrates Internet of Things (IoT) and machine learning 
(ML) approaches was created by Anusha K, Anusha D J, Kiran Kumar K M, and Trupthi G 
G in 2023. For data analysis, they employed the Euclidean distance and K-nearest neighbours 
(KNN) method. Their dataset included 2200 samples with information on soil and weather. 
On the test set, the system had an impressive accuracy of 85% [1].A machine learning (ML)- 
based agricultural recommendation system was developed in 2023 by Ameya Pandit, Aniket 
Pastapure, Aditya Bahulikar, Pratik Gore, and S. A. Deshpande using the Internet of Things 
(IoT). For crop prediction, they used a variety of algorithms, such as Random Forest, 
Decision Tree, and LightGBM. LGBM performed the best among them, with crop sugges- 
tions that were almost 92% accurate [2].A crop recommendation model and soil nutrient 
analysis enabled by IoT, was presented in 2023 by Murali Krishna Senapathy, Abhishek Ray, 
and Neela Madhab Ray. Various ml algorithms were utilised by them, such as Naive Bayes, 
(SVM), neural networks, (KNN) classification with cross-validation. Furthermore, a rainfall 
dataset was used to assess the algorithms; among these, C4.5 showed the highest accuracy 
(85.07%)[3].A study on maximising crop productivity via an IoT-based strategy was presented 
in 2022 by Fazal Noor and Roza Hikmat Hama Aziz. To optimise crop production, they 
constructed models using ml techniques such Naive Bayes, decision trees, linear regression, 
and (KNN). Accurate recommendations for increasing crop yield were made possible by the 
algorithms’ training on real-time data. Remarkably, the accuracy of the decision tree model 
was 93.00%, whilst the Naive Bayes model attained 96.00% [4].Aiming to enable crop pre- 
diction and management, M. Ishak, M.S. Rahaman, and T. Mahmud launched FarmEasy, an 
intelligent platform, in 2022. The platform used svm and random forest regression, for pre- 
dictive modelling. With a random forest regression accuracy of 93.76[5].The feasibility of soil- 
based, field-specific fertiliser recommendations was examined by A.G.T. Schut and K.E. Giller 
in 2020.Their research focused on optimising fertiliser recommendations by utilising cutting- 
edge ml techniques like XGBoost, random forest, cnn, and rnn. Their convolutional neural 
network model obtained an accuracy of 81.23% by using a rainfall dataset derived from 
satellites [6].Torikul Islam, Rafsan Uddin Beg Rizan, Yeasir Arefin Tusher, Md. 
Shafiuzzaman, Md. Alam Hossain, and Syed Galib suggested an automated Leaf Colour 
Chart (LCC) approach for nitrogen fertiliser recommendation in rice fields in 2020. They 
sought to optimise fertiliser application by utilising machine learning approaches as Sequential 
Forward Feature Selection (FS), Sequential Backward Elimination FS, K-Nearest Neighbours 
Regression, and Bagging Classifiers [7]. Senthil KS and D. Mary (2022) investigated algo- 
rithms for smart farming that make use of deep learning and machine learning. techniques 
were used by them, such as logistic regression, random forest, svm, and cnn. They employed 
datasets with information on crops and soil, with a focus on crop suggestion. With an accuracy 
score of 90%, the Convolutional Neural Network achieved remarkable performance [8]. 


3 EXISTING SYSTEM 


Predicting crop yield is crucial for food protection and management, which directly impacts 
countrywide and worldwide economies. With recent advances in photograph category the 
use of deep convolutional neural networks, deep mastering is becoming an increasing 
number of vital for applications which include massive vegetation, crop kind classification, 
and agricultural yield estimation. Traditional strategies for far off sensing-based totally crop 
yield forecasting encompass traditional device studying techniques along with selection trees 
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and guide vector machines. And within the present machine we retain to reveal the agri- 
cultural statistics using extraordinary microcontrollers like Arduino. 


4 PROPOSED SYSTEM 


The objective is to use machine learning and Internet of Things technologies to build an 
integrated system that can forecast crop yield and propose fertiliser for precision agriculture. 
The system uses environmental data and crop yields to train models, including random forest 
and gradient-boosting regressors, to obtain accurate crop predictions and recommendations. 
User inputs such as location, temperature, humidity, soil moisture, crop yield and pro- 
ductivity are used for instant predictions. The system also includes soil information to pro- 
vide farming advice. IncorporatingIloT facilitates continuous data collection,improves 
transformation of models. The aim is to provide farmers with intelligent advice on crop 
selection, management and effective use of fertilizers, promoting agriculture, stability and 
informed decision-making.Advantages of Proposed System 


e The real-time data collection enhances the system’s adaptability to changing conditions, 
ensuring up-to-date and precise predictions. 

e With the use of machine learning models like gradient-boosting regressors and random 
forests, the system offers dependable and precise crop prediction. 

e Farmers can effortlessly access environmental changes, precise forecasts, and fertiliser 
suggestions because to the interface’s user-friendliness. 


4.1 Hardware requirements 


e ESP8266 
e LM35DZ Temperature sensor 
e Soil Moisture Sensor YI 69 
e DT11 Humidity Sensor 
LE 
Figure l(a). ESP2866 hardware device. Figure 1(b). LM35DZ temperature sensor. 


4.2 ESP8&266 hardware setup 


The ESP8266, a cost-effective Wi-Fi microchip by Espress if Systems, combines a 32-bit 
microcontroller and TCP/IP stack, facilitating wireless internet connectivity for IoT appli- 
cations. Programming options include Arduino IDE, MicroPython, and Lua, supported by a 
robust community. NodeMCU leverages the ESP8266 to collect temperature and humidity 
data from sensors, connect to Wi-Fi, and store data in CSV format for real-time environ- 
mental monitoring and analysis. 


4.3 LM35DZ temperature sensor 


The LM35DZ stands out as a highly favored precision integrated-circuit temperature sensor 
renowned for its accuracy, linear performance, and straightforward operation. Calibrated 
directly in Celsius degrees, it alleviates the need for intricate computations or conversions. 
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4.4 Soil moisture sensor YI 69 


The YL-69 sensor detects moisture levels by gauging the resistance between its two electro- 
des. By directly inserting its probes into soil or a growing medium, it generates an analog 
output voltage corresponding to the moisture content. 


Figure 2(b). DT11 humidity sensor. 


Figure 2(a). YI 69 soil moisture sensor. 


4.5 DTI1 humidity sensor 


The DHT11 humidity sensor is a device that is used to measure the relative humidity and the 
outside temperature. It is easy to combine with microcontrollers and other electrical devices 
due to its small size, low power consumption, and digital output. 


4.6 Software requirements 


e Coding language: Python 
e Version: 3.8.0 
e Platform: Windows Xp/7/8/10 


Data Collection 


Data collected 
into a csv file 


Data Crop Yietd 
Model Training 
Preprocessing —_ Prediction 


I 


Fertilizer Integration and 


Recommen. dation — Deployment 


Figure 3. Block layout of proposed system. 


5 METHODOLOGY 


5.1 Data collection 


Data collection involves collecting important data such as weather, soil geography, and agri- 
culture to train crop forecasting models. Good data is essential to develop accurate models 
that can predict future crops. Machine learning algorithms can learn to generate reliable pre- 
diction results for a site. Regular data collection allows models to be replicated and adapted to 
changes such as weather and technology. Overall, data collection enables data-driven crop 
yield estimates to support farmers’ planning and decision-making processes. 


295 


5.2 Data preprocessing 


Preprocessing the dataset includes handling missing values, splitting the data into training 
and testing subsets, and encoding categorical variables like “soil type” and “location.” 
Missing values are replaced with 0 and any remaining rows with missing data are dropped. 
The Label Encoder transforms categorical variables into numerical representations. The 
dataset undergoes division to facilitate model training and assessment. Metrics like mean 
squared error and R^2 score are used in the training and evaluation of regression algorithms, 
such as Gradient Boosting and Random Forest, to assess prediction precision. 


5.3. Model training 


Two regression techniques, Random Forest and Gradient Boosting, are selected to predict 
crop yield during model training. By combining several models, Random Forest provides 
strong predictions by using an ensemble of decision trees. Meanwhile, Gradient Boosting 
utilizes an iterative technique, sequentially fitting models to minimize errors, thereby 
enhancing predictive accuracy. Both algorithms are trained on the prepared dataset, lever- 
aging features such as temperature, humidity, and soil type. This comprehensive approach 
optimizes model performance, enabling accurate crop yield predictions essential for 
informed decision-making in agriculture. 


5.4 Fertilizer recommendation 


To suggest a fertilizer a Naive Bayes classifier on sensor and environmental features to predict 
fertilizer requirements. Evaluate model performance using the correct scores on the test set. 
The trained classifiers are used to provide fertilizer recommendations to improve crop yields. 
This approach allows sensor data to be used to increase crop yields and resource efficiency. 


6 RESULTS 


Table 1. Test cases and it’s results. 


Model MSE(Train) MSE(Test) R42(Train) R%2(Test) Accuracy 
Gradient Boosting Regressor 1.078 1.085 0.963 0.943 94.28 
Random Forest Regressor 0.644 0.758 0.978 0.960 96.00 


Comparison ot Regression Algorithms 


Accuracy Score (%) 


Random Forest Gradient boosting 
Algorithm 


Figure 4. Comparison of algorithms. 


The R^2 score of 0.960 was attained by the random forest model. thegradient boosting model 
produced a lower R%2 score of 0.943. These findings demonstrate the accuracy of random 
forest models in predicting crop yields and their usefulness in real agriculture. (Figure 4). 
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7 CONCLUSION 


In summary, we compare random forest and gradient boosting regression models for crop 
yield prediction using environmental data and sensor data. Our analysis shows that the 
random forest model outperforms the gradient boosting model, with an R^2 score of 0.960 
compared to an R%2 score of 0.943. This shows that random forest regression provides 
superior accuracy in explaining differences in crop yields based on data. Therefore, we 
conclude that random forest regression is a good method to accurately predict crop yield in 
agricultural fields. These findings have significant implications for agricultural decision- 
making, allowing farmers to optimize resource allocation and maximize yields. To increase 
the precision and validity of crop prediction, future research can concentrate on enhancing 
the prediction model by incorporating more environmental variables and demonstrating the 
model’s performance in other contexts. 


REFERENCES 


[l] Anusha K., Anusha D. J., Sunidhi K. R., Trupthi G. G., Kiran Kumar K. M., (2023), Crop 
Recommendation Using Iot And Machine Learning, Volume 11 

[2] Ameya Pandit, Aniket Pastapure, Aditya Bahulikar, Pratik Gore, S. A. Deshpande, JOT Based Crop & 
Fertilizer Recommendation System Using Machine Learning. 

[3] Senapaty, Murali Krishna, Abhishek Ray, and Neelamadhab Padhy. (2023). IoT-Enabled Soil Nutrient 
Analysis and Crop Recommendation Model for Precision Agriculture. 

[4] Amna Ikram, Waqar Aslam, Roza Hikmat Hama Aziz, Fazal Noor, Ghulam Ali Mallah, Sunnia 
Ikram, Muhammad Saeed Ahmad, Ako Muhammad Abdullah and Insaf Ullah, Crop yield max- 
imization using an IoT-based smart decision, Journal of Sensors, vol. 2022. 

[5] Kiruthika S. and Karthika D., (2023). IOT-BASED professional crop recommendation system using a 
weight-based long-term memory approach, Measurement: Sensors, Volume 27. 

[6] Vidhya, Kandasamy, Sneha George, Palanisamy Suresh, Duraipandi Brindha, and Theena Jemima 
Jebaseeli. (2023). Agricultural farm production model for smart crop yield recommendations using 
machine learning techniques, Engineering Proceedings 59, no. 1: 20. 

[7] Muthumanickam, Dhanaraju Chenniappan, Poongodi Ramalingam, Kumaraperumal Pazhanivelan, 
Sellaperumal Kaliaperumal and Ragunath. (2022). Smart Farming: Internet of Things (IoT )-Based 
Sustainable Agriculture. 

[8] Swaminathan B., Palani S., Vairavasundaram S., Kotecha K. and Kumar V., (1 March 2023). IoT- 
driven artificial intelligence technique for fertilizer recommendation model, in JEEE Consumer 
Electronics Magazine, vol. 12, no. 2, pp. 109-117. 

[9] Tanmay Thorat, Patle B. K., Sunil Kumar Kashyap, (2023). Intelligent insecticide and fertilizer 
recommendation system based on TPF-CNN for smart farming, Smart Agricultural Technology, 
Volume 3. 

[10] Khan, Faheem M., Bashir R. N., Wechtaisong C. and Abbas M. Z., (2022). Internet of Things (IoT) 
assisted context aware fertilizer recommendation, in JEEE Access, vol.10, pp.129505-129519. 

[11] Mamatha V., Kavitha J.C., (2023). Machine learning based crop growth management in greenhouse 
environment using hydroponics. Measurement: Sensors, Volume 25. 

[12] Yang, M.; Xu, X.; Li, Z.; Meng, Y.; Yang, X.; Song, X.; Yang, G.; Xu, S.; Zhu, Q. and Xue, H. (2022). 
Remote sensing prescription for rice nitrogen fertilizer recommendation based on improved NFOA 
model. Agronomy. 

[13] Senthilkumar Mathi, Akshaya R. and Sreejith K., (2023). An Internet of Things-based efficient solution 
for smart farming, Procedia Computer Science, Volume 218. 

[14] Senthil Kumar Swami Durai and Mary Divya Shamili, (2022). Smart farming using machine learning 
and deep learning techniques, Decision Analytics Journal, Volume 3. 

[15] Oliveira, R. C.; da Silva, J. R. R.; Lana, R. M. Q.; de Azevedo Pereira, A. I.; Castoldi, R.; de Camargo, 
R.; Luz, J. M. Q. (2021). Fertilizer application levels in potato crops and the diagnosis and recom- 
mendation integrated system (DRIS). Agronomy. 


297 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Machine learning based comprehensive of hybrid solar energy 
microgrid control mechanisms and impact assessment for 
sustainable rural electrification 


S.V.N. Sreenivasu 


Department of Computer Science and Engineering, Narasaraopeta Engineering College, Narasaraopet, 
Andhra Pradesh, India 


Shabbier Ahmed Sydu 
Department of Engineering, University of Technology and Applied Sciences Al-musannah, Oman 


Ashish 


Department of Computer Science & Engineering, Koneru Lakshmaiah Education Foundation, Guntur, 
Andhra Pradesh, India 


Bukya Mohan Babu 
Department of CSE (Data Science), CMR Technical Campus, Hyderabad, Telangana, India 


Ramajayam, A. 
Department of Artificial Intelligence And Data Science, Vel Tech High Tech Dr Rangarajan and Dr 
Sakunthala Engineering College, Chennai, TamilNadu, India 


Rama Prasanna Dalai 
Department of EEE, Centurion University of Technology and Management, Odisha, India 


ABSTRACT: In recent times, numerous challenges and constraints have been faced by rural 
areas for achieving continuous power supply. This is overcome through the aid of hybrid 
energy microgrids. This system integrates artificial intelligence with an optimization algorithm. 
The proposed structure involves the use of a solar energy system which helps to meet the 
demand when the traditional system fails to operate. The adaptive control of components with 
real-time monitoring in the microgrid is implemented using machine learning. This involves 
control mechanisms such as predictive modelling of the solar power systems. The solar energy 
output is obtained exactly using ant colony optimization techniques. This helps to evaluate the 
historical data to forecast the optimum solar energy output. This helps to overcome the various 
fluctuations in the power supply and thus provide a stable power supply. The energy obtained 
from the electrical grid and renewable energy system is evenly utilized in the microgrid through 
these machine learning algorithms. In rural electrification, the proposed system functions in 
diverse ways. First the numerous constraints and intermittency issues are resolved then reduces 
the operational costs through ML algorithms. The energy loss in the microgrid is reduced using 
optimum management of energy flow and storage within the microgrid. Thus the proposed 
system provides an innovative approach to adopting sustainable rural electrification. 


Keywords: Microgrids, Artificial intelligence, Solar energy, Machine learning, Ant colony 
optimization, Improved rural electrification 


1 INTRODUCTION 


A microgrid is a small-scale energy system that can operate independently of the main grid, 
providing continuous electricity to communities. It uses various energy sources like combined 
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heat and power systems, batteries, and renewables. Hybrid microgrid systems connect to 
renewable energy sources for uninterrupted power supply, reducing fossil fuel use and environ- 
mental impact. Smart grid technology and AI optimize microgrid performance through pre- 
dictive analytics and adaptive control methods, improving economic development and quality of 
life in rural areas. 


2 EXISTING SYSTEM 


The development of a microgrid in the existing system is implemented without the inter- 
connection of renewable energy sources. This leads to various drawbacks as listed below. 


e Non-renewable energy sources such as fossil fuels generate substantial amounts of 
greenhouse gases which results in various climatic changes. These resources are finite and 
results in depletion over a period of time. 

e Non-renewable energy prices are volatile in nature due to various geopolitical factors. 
This results in uncertainty with improved cost factors. 

e Various disruptions in the supply chain which cause numerous reliability issues with 
potential interruptions. This is due to the increased dependency on fossil fuels. They need 
periodic maintenance which results in higher costs. 

e Reduction in various economic opportunities in job creation and innovation. 


To overcome certain constraints, the proposed system is implemented using a hybrid 
energy source. 


3 PROPOSED SYSTEM 


The proposed system for rural electrification uses machine learning with ant colony optimiza- 
tion techniques to overcome resource limitations and unpredictable electricity demand patterns. 
These algorithms optimize power distribution in the microgrid by learning from historical data 
and adapting to changing energy demand patterns. The hybrid solar microgrid control method 
includes automatic decision-making technology and solar power source optimization to 
increase energy efficiency and adapt to variations in energy production and demand. Machine 
learning can also help with impact assessment by optimizing energy consumption patterns. 


4 IMPLEMENTATION OF THE PROPOSED SYSTEM 


The proposed system is implemented using various stages integrating optimization techni- 
ques as described below (Figure 1). 


Solar power Machine leraning 
generation (Solar model for 
panel) optimization and 


Load management Design of 
and distribution controller 


Rural 
oo electrification with 
monitormg system 


Figure 1. Stages in the proposed system. 
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Load assessment of hybrid electric power microgrids is crucial for distributed power sys- 
tem planning. It involves studying energy demand patterns to determine the optimal con- 
figuration of components. Historical energy data collection is essential for liability 
assessments and estimating power consumption patterns. Load assessment also helps iden- 
tify critical microgrid requirements and assess solar resource availability. By analyzing solar 
radiation and weather conditions, load assessment ensures reliable power delivery and 
management of demand curves in hybrid electric generators. 


Table 1. Sample data. 


Time Building A load Solar production kW Grid purchase kW 
4.00 AM 20 10 10 
5.00 AM 27 12 17 
6.00 AM 30 15 15 
7.00 AM 36 20 16 
8.00 AM 40 30 10 


Table 1 demonstrates sample data gathered from microgrid which depicts the amount of 
solar energy and grid energy are utilized to meet the demand. 

Hybrid microgrid performance is assessed using advanced modeling techniques and power 
simulation software. Load rating is crucial for maintaining a balance between power output 
and consumption, reducing dependence on non-renewable energy sources, and determining 
the size of solar panels and energy storage systems. Resource assessment for hybrid solar 
energy involves analyzing factors like solar potential based on geographic conditions, eval- 
uating parameters such as sun point and weather conditions, and selecting suitable sites for 
solar panel installation. The energy demand profile of a network plays a key role in resource 
evaluation, with the goal of meeting microgrid demand by integrating different energy 
sources under varying solar availability conditions.The economics of hybrid microgrids are 
evaluated through cost-benefit analysis, with hybrid electric motors integrating multiple 
resources for continuous functionality. Photovoltaic (PV) panels are the main component of 
hybrid electric generators, harvesting solar energy for electrical conversion and continuous 
micropower operation. Solar inverters convert DC to AC for micropower use, while intel- 
ligent controllers and power management systems optimize system performance based on 
weather conditions and demand response. Energy storage systems store excess energy in 
small renewable energy generation, with additional generators utilized for increased effi- 
ciency and continuous power supply in various weather conditions. Hybrid configurations 
balance renewable energy use with conventional power source reliability, considering factors 
such as geographic topology, weather conditions, and power demand profiles. Hybrid 
microgrids are also utilized for agricultural purposes. 


20 
60 
40 
20 


Agricultural Residential 
area areas 


Figure 2. Residential and agricultural load demand. 
The y-axis shows the number of people and the x-axis shows the area type. Residential 


areas have a higher population density than agricultural areasThe Figure 2 demonstrates the 
residential and agricultural load demand. Microgrid modelling in a hybrid solar energy 
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microgrid involves the evaluation and simulation of various components that help to opti- 
mize the system performance.The system is integrated with distributed energy resources 
(DERs) to generate electricity. Microgrid modeling consists of several key components, 
including photovoltaic systems, energy storage systems, inverters, control systems, diesel 
generators, power management systems, and grid connections. These components work 
together to optimize energy production and output in a microgrid system. Incorporating Ant 
Colony Optimization (ACO) algorithms into hybrid solar power plants can help optimize 
system performance by solving complex optimization problems. The ACO algorithm mimics 
the behavior of ants and is used to optimize energy management and planning in microgrids. 
Simulation of the absorption and evaporation process of pheromones helps identify optimal 
solutions for energy management and scheduling. Load shedding on a microgrid involves 
spreading electrical charges over distributed electrical resources to efficiently use energy 
sources. The ACO algorithm also aids in error detection and recovery by utilizing ant 
movements and pheromone regeneration. The communication structure in microgrids 
involves a control and data acquisition system that monitors and controls the system, with 
communication networks transmitting information securely using standard protocols like 
Modbus, DNP3, and IEC 61850. Various sensors, including voltage, power quality, tem- 
perature, weather, humidity, and security sensors, are used in microgrids to monitor and 
optimize system performance. These sensors help detect power quality issues, monitor 
weather conditions, and ensure the security of the physical infrastructure. 

Simulation result of the proposed system is implemented using Matlab Simulink to 
examine the performance and the results are shown in Figure 3. 
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Figure 3. (a) Energy scheduling - no agricultural load and low solar radiation, (b) Energy scheduling- 
residential load with solar radiation, (c) Energy scheduling- residential load without solar radiance. 


5 CONCLUSION 


Thus the integration of machine learning with control mechanisms helps to obtain sustain- 
able rural electrification. They help to optimize the performance of hybrid microgrids from 
overcoming various challenges and help to obtain reliability with higher efficiency in the 
systems. The control mechanisms obtained using machine learning help to provide optimum 
solutions in diverse conditions through predictive analysis with real-time data. This involves 
fluctuating renewable energy with varied energy demand patterns in rural areas. This helps 
the microgrid to function without any interruption in power supply. The integration of 
machine learning in microgrids helps to obtain the microgrid with predictive maintenance 
with reduced downtime which leads to the rise of economic development in rural areas. Thus 
the proposed system provides various significant solutions for obtaining sustainable rural 
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electrification with an increase in various aspects through enhancing various opportunities to 
education and business development. 
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ABSTRACT: The WiFi router is a very common device that is found in nearly every office and 
in 90% houses in urban areas. The effects of nonionizing electromagnetic radiation of frequency 
range from 3.5 GHz to 8.0 GHz that is emitted from the devices is studied in this manuscript. The 
electric field is computed around the router and electric field inside the body is also determined. The 
effects of EM radiation depend upon the factors like frequency, power and time duration of 
exposure. The electric field and specific absorption rate inside the body of human beings are cal- 
culated near the WiFi router at various distances from it. It is observed that at a distance of 1m to 
1.4m, SAR is found to be harmful at some frequencies but at 1.5m away from the router the SAR 
value is safe for all selected frequency range. Therefore, it is suggested after this theoretical study 
that a distance of 1.5m should be maintained from the WiFi router for the given frequency band. 


Keywords: Electric Field, WiFi router, Specific Absorption Rate, Electronic Devices, Non- 
ionizing EM radiation. 


1 INTRODUCTION 


In today’s scenario no one can imagine their regular routine without the electronic gadgets. These 
gadgets continuously emit the nonionizing electromagnetic waves in the environment. When EM 
waves encounter the human body, these are absorbed by the body and induced an electric field 
inside it [9]. The penetrated electric field and SAR value inside the body is calculated in this 
manuscript. The study focuses on the analysis of SAR value into the human body when exposed 
to non-ionizing radiation from electronic gadgets such as wireless devices, microwave oven, WiFi 
router etc. used in office and house. The health effects of EM waves on human being are a big 
matter for consideration. The measurement of penetrated electric field and SAR is made on the 
basis of theoretical method. The primary focus of this study is to deliver the information about the 
effect of nonionizing radiation on human health by the absorption of excessive amount of energy 
by the human body. The impact of EM radiation on the health of human being depends upon the 
power of the device, frequency of EM waves and duration of the exposure etc. [3]. Research has 
shown harmful effects on specific individuals, such as military personnel or those living near radar 
stations and high-powered transmitters. The absorption of electromagnetic fields in the body varies 
with frequency, with higher absorption at frequencies above 100 kHz [7]. The past studies have 
shown the impacts of EM fields on the immune system, cellular damage, and anemia in humans. 
The effects studied in humans can be categorized into non-cancerous effects and cancer effects [6]. 


2 REVIEW OF LITERATURE 


The previous research studies show the effects of high-frequency electromagnetic waves 
(EMWs) on biological materials, considering the increasing role of EMWs in communication 
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and the presence of transmission towers emitting these waves [10]. The high-frequency elec- 
tromagnetic waves (EMWs) emitted by mobile phone transmission towers can have harmful 
effects on biological materials [5]. It was found that the specific absorption rate (SAR) inside 
the materials increased as the distance from the tower decreased [1]. The computed data was 
compared with international safety limits, and it was found that a distance of 30 meters from 
the tower is more harmful to the health of biological materials. It was suggested in the previous 
studies that a minimum distance of 50 m should be maintained from the transmission tower to 
avoid the health risk in humans [8]. The research on specific individuals such as military men 
or those living near radar stations, high-powered telecommunications, high-pressure posts and 
radio transmitters, shows harmful effects on them. The effects studied in humans can be 
divided into non-cancerous effects and cancer effects. The specific absorption rate (SAR) and 
temperature rise are analyzed to investigate the effects of non-ionizing radiation on human 
skull tissue by using the software named “The High Frequency Structural Simulator (HFSS)”. 
The potential health effects of high frequency nonionizing EM waves on human beings are 
discussed and explain the importance of understanding SAR in human head [3]. 

The Indoor EM radiation (EMR) from several sources such as electronic devices used in 
the houses and offices can have significant effects on the health of human beings [11]. The 
past studies have shown that the exposure of electromagnetic radiation can lead to protein 
disruption, DNA damage, blood-brain barrier permeability, fatigue, sleep disturbances, 
concentration problems, memory issues, and even affect hormonal, neural and psychosocial 
development [14]. The building material used to make the buildings also have significant 
effects on the indoor EM radiations [13]. The building materials play an important role in 
allowing or blocking the propagation of electromagnetic radiation as the drywall provides a 
better shielding than the glass or lumber walls [15]. Various rules and regulations have been 
sanctioned to control the EM wave exposure and protect the health of human [12]. The 
exposure of indoor EM waves exposure can be reduced by using shielding materials, mini- 
mizing exposure time, spatial design and increasing distance from sources. 


3 > METHODOLOGY 


The previous studies have been shown the negative impact of electromagnetic waves on the 
biological materials. In this article, the bioeffects of EM radiation from the WiFi router 
device is calculated [4]. The electric field around the device is calculated by 


P 
i = 7146 (1) 


where P denotes the power of the mobile phone of the transmission tower. Here we are 
calculating the external electric field for the power of 10W. After solving it, the electric field 
around the router becomes 

24.48 


r 


Eo (2) 


When the electric field generated around the transmission tower is incident on the human 
beings, its penetrated inside the body. The penetrated electric field inside the body of human 
beings become 

Ez = Eye-2/*) (3) 
Where ô is the skin depth it is a frequency-dependent parameter. z is the penetration depth 


and Ez is penetrated electric field inside the body. 
The Specific absorption rate inside the human body at a depth is given by 


SAR = —2 (4) 


Where o and md represents the conductivity and mass density of human’s skin respectively. 
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4 OBSERVATIONS 


Table 1. 


Frequency 
(GHz) 


3.5 
4.0 
4.5 
5.0 


Table 2. 


Frequency 
(GHz) 


Table 3. 


Frequency 
(GHz) 


External 
Electric 
field(E0) V/m 


24.48 
24.48 
24.48 
24.48 
24.48 
24.48 
24.48 
24.48 
24.48 
24.48 


External 
Electric 
field(E0) V/m 


22.25 
22.25 
22.25 
22.25 
22.25 
22.25 
22.25 
22.25 
22.25 
22.25 


External 
Electric 


Penetrated electric field (V/m) inside 
the body of human beings at the depth 


lum 


24.47848 
24.47823 
24.471796 
24.41767 
24.471735 
24.477 

24.47664 
24.47626 
24.47585 
24.47542 


Penetrated electric field (V/m) inside 
the body of human beings at the depth 


lum 


22.24862 
22.24839 
22.24815 
22.24788 
22.24759 
22.24728 
22.24695 
22.2466 

22.24623 
22.24584 


Penetrated electric field (V/m) inside 
the body of human beings at the depth 


field(E0) V/m lum 


20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 


20.39873 
20.39853 
20.3983 

20.39806 
20.39779 
20.3975 

20.3972 

20.39688 
20.39654 
20.39619 


2um 


24.47544 
24.4747 

24.47388 
24.47301 
24.47204 
24.47101 
24.46993 
24.46877 
24.46756 
24.46628 


2um 


22.24585 
22.24518 
22.24444 
22.24364 
22.24277 
22.24183 
22.24085 
22.2398 

22.23869 
22.23753 


2um 


20.3962 

20.39558 
20.3949 

20.39417 
20.39337 
20.39251 
20.39161 
20.39064 
20.38963 
20.38856 
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3um 


24.47088 
24.4694 

24.46776 
24.46602 
24.46409 
24.46203 
24.45986 
24.45755 
24.45512 
24.45256 


3um 


22.24171 
22.24037 
22.23888 
22.23729 
22.23554 
22.23367 
22.23169 
22.2296 

22.22738 
22.22506 


3um 


20.3924 

20.39117 
20.3898 

20.38835 
20.38674 
20.38502 
20.38322 
20.38129 
20.37926 
20.37713 


SAR of body of human being at 1 m distance from the EM source. 


SAR Value inside the body of 
human being (Watt/Kg) 


lum 


1.091412 
1.264283 
1.453353 
1.653217 
1.869275 
2.101525 
2.344563 
2.603787 
2.868393 
3.143778 


2um 


1.091141 
1.263919 
1.452869 
1.652588 
1.868465 
2.100496 
2.343277 
2.602195 
2.866449 
3.141429 


SAR of body of human being at 1.1 m distance from the EM source. 


3um 


1.090734 
1.263372 
1.452143 
1.651644 
1.867251 
2.098954 
2.341349 
2.599809 
2.863535 
3.137908 


SAR Value inside the body of 
human being (Watt/Kg) 


lum 


0.901625 
1.044436 
1.200628 
1.365737 
1.544225 
1.736088 
1.936864 
2.151011 
2.369604 
2.597103 


2um 


0.901401 
1.044134 
1.200228 
1.365217 
1.543556 
1.735238 
1.935801 
2.149696 
2.367998 
2.595162 


SAR of body of human being at 1.2 m distance from the EM source. 


3um 


0.901065 
1.043682 
1.199628 
1.364437 
1.542552 
1.733964 
1.934209 
2.147725 
2.365591 
2.592253 


SAR Value inside the body of 
human being (Watt/Kg) 


lum 


0.757925 
0.877975 
1.009273 
1.148068 
1.298108 
1.459392 
1.628169 
1.808186 
1.991939 
2.183179 


2um 


0.757737 
0.877721 
1.008937 
1.14763 

1.297545 
1.458678 
1.627275 
1.80708 

1.990589 
2.181548 


3um 


0.757454 
0.877341 
1.008432 
1.146975 
1.296702 
1.457607 
1.625937 
1.805423 
1.988566 
2.179102 


Table 4. SAR of body of human being at 1.3 m distance from the EM source. 


Penetrated electric field (V/m) inside SAR Value inside the body of 


Frequency Electric, fhe body of human beings at the depth human being (Watt/Kg) 

(GHz) field(EO) V/m lum 2um 3um lum 2um 3um 

3.5 18.83 18.82883 18.82649 18.82298 0.645753 0.645593 0.645352 
4.0 18.83 18.82864 18.82592 18.82185 0.748036 0.74782 0.747496 
4.5 18.83 18.82843 18.82529 18.82059 0.859902 0.859615 0.859186 
5.0 18.83 18.82821 18.82462 18.81924 0.978155 0.977783 0.977224 
5.5 18.83 18.82796 18.82388 18.81776 1.10599 1.105511 1.104792 
6.0 18.83 18.8277 18.82309 18.81618 1.243404 1.242796 1.241883 
6.5 18.83 18.82742 18.82225 18.81451 1.387202 1.386441 1.3853 
7.0 18.83 18.82712 18.82136 18.81273 1.540577 1.539635 1.538223 
7.5 18.83 18.82681 18.82043 18.81086 1.697135 1.695985 1.694261 


8.0 18.83 18.82648 18.81944 18.80889 1.860072 1.858682 1.856598 


Table 5. SAR of body of human being at 1.4 m distance from the EM source. 


External Penetrated electric field (V/m) inside SAR Value inside the body of 

Frequency Electric the body of human beings at the depth human being (Watt/Kg) 

(GHz) field(EO) V/m lum 2um 3um lum 2um 3um 

3.5 17.48 17.47891 17.47674 17.47349 0.556479 0.556341 0.556133 
4.0 17.48 17.47874 17.47622 17.47243 0.644621 0.644435 0.644156 
4.5 17.48 17.47854 17.47563 17.47126 0.741022 0.740775 0.740405 
5.0 17.48 17.47834 17.47501 17.47001 0.842927 0.842606 0.842125 
5.5 17.48 17.47811 17.47432 17.46864 0.953089 0.952676 0.952057 
6.0 17.48 17.47786 17.47358 17.46717 1.071506 1.070981 1.070195 
6.5 17.48 17.4776 17.47281 17.46562 1.195424 1.194768 1.193785 
7.0 17.48 17.47733 17.47198 17.46397 1.327595 1.326783 1.325566 
7.5 17.48 17.47704 17.47111 17.46223 1.462509 1.461518 1.460032 


8.0 17.48 17.47673 17.47020 17.46041 1.60292 1.601722 1.599927 


Table 6. SAR of body of human being at 1.5 m distance from the EM source. 


Penetrated electric field (V/m) inside 
the body of human beings at the SAR Value inside the body of 


External 

Frequency Electric Gee E human being (Watt/Kg) 

(GHz) field(EO) V/m lum 2um 3um lum 2um 3um 

3.5 16.32 16.31899 16.31696 16.31392 0.485072 0.484951 0.484771 
4.0 16.32 16.31882 16.31647 16.31294 0.561904 0.561742 0.561498 
4.5 16.32 16.31864 16.31592 16.31184 0.645935 0.645719 0.645397 
5.0 16.32 16.31845 16.31534 16.31068 0.734763 0.734483 0.734064 
5.5 16.32 16.31823 16.3147 16.30939 0.830789 0.830429 0.829889 
6.0 16.32 16.318 16.31401 16.30802 0.934011 0.933554 0.932869 
6.5 16.32 16.31776 16.31329 16.30657 1.042028 1.041456 1.040599 
7.0 16.32 16.3175 16.31252 16.30503 1.157239 1.156531 1.155471 
7.5 16.32 16.31723 16.31170 16.30341 1.274841 1.273977 1.272682 


8.0 16.32 16.31695 16.31085 16.30171 1.397235 1.396191 1.394626 
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5 RESULTS AND DISCUSSIONS 


In Table 1, the penetrated electric field and SAR value inside the body of human being are 
calculated at a distance of 1m from the source of EM waves. The calculations are made foe 
the frequency band from 3.5 GHz to 8.0 GHz. It is observed from the analysis that from 
frequency 3.5 GHz to 4.5 GHz, the SAR is in safe limit which is provided by international 
Agencies for exposure to non-ionizing radiation such asFederal Communications 
Commission (FCC), the International Agency for Research on Cancer (IARC) and 
(ICNRP) [4]. For the frequencies from 5.0 GHz to 8.0 GHz, the SAR value inside the body is 
not safe limit. The variation of SAR value with respect to the selected frequency band is 
given in the Figure 1.The calculations made at 1.1 m away from the source of electro- 
magnetic waves and shown in Table 2. The SAR value under the frequency band 
from3.5 GHz to 5.5 GHz is safe for human being but after 5.5 GHz the observed value of 
SAR is harmful for the health of human being. At the distance of 1.2 m away from the EM 
wave source, the value of penetrated electric field and SAR are given in Table 3. When the 
human being is 1.2 m away from the gadget that is emerging the EM waves, the SAR value is 
in safe limit from 3.5 GHz to 6.0 GHz. At the frequency of 6.5 GHz and above, the human 
being is out of the safe limit which may be harmful for the health of human as per the 
guidance of international agencies for exposure to non-ionizing radiation. The observations 
of electric field and Specific absorption rate are made at a distance of 1.3m away from the 
emitter of nonionizing EM waves which are shown in Table 4. From the analysis of SAR 
value, it is observed that for the frequencies 7.5 GHz and 8.0 GHz, the one who is at 1.3 m 
away from the emitter is nor safe. It is determined from Table 5, when the human being is 
1.4m away from the electronic gadget such as router, microwaves oven etc. the SAR inside 
the human body is out of safe limit for 8.0 GHz frequency. It is observed from Table 6 that 
at a distance of 1.5m away from the source of EM waves, SAR is in safe limit for the entire 
selected frequency band. 


6 CONCLUSION 


The above analysis concluded that when electromagnetic (EM) waves with frequency range 
from 3.5 GHz to 8.0 GHz are incident on the human body, the specific absorption rate 
(SAR) within the body varies depending on the frequency of the waves. It has also been 
observed that SAR values tend to increase as the frequency of the waves increases. These 
calculations are made for the distances from 1m to 1.5m away from the EM wave source. At 
a distance of 1m from the source, it was found that frequencies from 5.0 GHz to 8.0 GHz 
exceeded safe limits. For the frequencies from 6.0 GHz to 8.0 GHz the SAR inside the body 
is out of the safe limit at a distance of 1.1m from the source. When the human being is 1.2 m 
away, the SAR value for frequencies 6.5 GHz to 8.0 GHz are harmful to the health. The 
frequencies of 7.5 GHz and 8.0 GHz are found unsafe for the human being at the distance of 
1.3 m away from the source. At a distance of 1.4 m from the source, SAR value at 8.0 GHz is 
exceeds the safe limit provided by the government agencies for the exposure of nonionizing 
EM radiation. However, it is observed that at 1.5m distance the SAR value is within the safe 
limit for all selected frequencies. It is also observed from the analysis of all calculated values 
and graphs that the SAR inside the body decreases with increasing the distance from the EM 
source. Therefore, it is suggested that the human being should maintain a distance of 1.5 m 
from the electronic gadgets like WiFi routers, microwave oven, etc for selected 
frequency range. 
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ABSTRACT: Currently, harvesting coconuts is a very hazardous and risky process 
which has been dependent on a skilled labor job. Currently, manual laborers climb these 
trees to harvest coconuts, exposing themselves to significant health risks. In response, our 
team has developed a feasible solution involving a remote-controlled device to replace or 
assist laborers in this hazardous task. This innovation aims to enhance the safety and 
efficiency in coconut harvesting with much usage of technology. We have designed a 
remote-controlled coconut tree climbing device which will be controlled via a human easily 
without posing severe risks. The device contains a roller saw which will ease the task of 
harvesting in significant amounts. Considering the extensive research in this area, we have 
used lightweight material and efficient electrical components which will transform human 
effort into mechanical effort. By continuous testing and refinement, we came to the desired 
objectives. 


Keywords: Coconut Harvesting, Wood Chassis, 555 Johnson motors 
1 INTRODUCTION 


Coconut is widely cultivated in Deccan region of India. Around 89.13% of coconut area and 
90.04% of the coconut production in the country. The developing aspect of coconut climbing 
robot highly represents a significant scope of success in agricultural automation technology. 
Addressing the increasing demand for productive harvesting methods, robotics offers a prior 
solution. By utilizing its complex mechanical and control systems, our robot is designed to 
navigate irregular terrains of coconut palms by making use of its locomotive mechanism 
such as crawling, gripping, or climbing. Thus, the development of a coconut tree climbing 
and cutting robot holds great significance, especially given the dangers involved in manual 
climbing. Ensuring ground control and user-friendly operation while achieving speed and 
adaptability to varying three dimensions are key goals. Successful implementation would 
address the challenges in coconut harvesting and benefit those engaged in large-scale culti- 
vation, offering a safer and more efficient alternative to manual methods. 


2 LITERATURE REVIEW 


2.1 Design of harvesting mechanism for advanced remote-controlled coconut 
harvesting robot (A.R.C.H-1) 


By: Anoop Abraham, M. Girish, H.R. Vitala, M.P. Praveen. 

Trails are used in the A.R.C.H robot prototype to climb poles instead of trees. This also 
has a potential for coconut harvesting. They plan to enhance the robot’s arms with more 
motors and sensors to detect ripe coconuts, aiming autonomous operation on coconut trees. 

The design of this robot is well thought out, however, redesigning its hexagonal structure 
to reduce weight can prove effective for speed applications. 
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2.2 Amaran: An unmanned robotic coconut tree climber and harvester 


By: Rajesh K.M, Shakthiprasad K.M, Sriharsha Ghanta, Vinu Sivanantham 

The Amaran harvester uses Bluetooth technology to operate the robotic arm remotely to 
harvest the coconuts, they have implemented both a joystick and an App to control the 
robotic arm, they also implemented a WI-FI wireless camera which helps the operator to get 
a better look at the branches bearing the coconuts. The limitation is that the harvester cannot 
operate if the inclination is more than 30 degrees, the Amaran harvester climbs using 
8 motors, whereas our model achieves the same using only 2 motors, and as for the saw on 
the robotic arm of the climber which is externally powered in their assembly. 


2.3 Autonomous control and implementation of coconut tree climbing and 
harvesting robot 


By: Akshay Prasad Dubey, Santosh Mohan Pattanaik, Arunava Banerjee, Rajshree Sarkar, 
Dr. Sarvanakumar R 

The prototype in the following research paper is made up of threaded rods which are time 
consuming. Also, the climbing process fails if there is any misalignment in the threaded rods 
and nuts. We overcome these issues in our model by using material like plywood, which will 
be more time efficient and finely tuned. 


3 METHODOLOGIES 


In our project, the model is ingeniously constructed with two halves connected by a spring, 
fostering flexibility and adaptability. The incorporation of motors in each half facilitates con- 
trolled movement, enabling the model to climb trees with precision. The decision to use a spring 
connection adds a dynamic element, potentially aiding in navigating diverse tree dimensions. 
Design stability is paramount for navigating trees of diverse dimensions. The model’s stability is 
strengthened by the dual motors placed strategically. The inclusion of a switchboard for manual 
control enhances user interaction and allows for a tailored approach to reaching specific 
heights. The manual control aspect is particularly interesting, as it provides a hands-on 
approach to managing the model’s movements. This not only adds a practical element to the 
project but also allows for real-time adjustments during the coconut harvesting process. 


3.1 Components 


(1) Plywood 
(2) DC motors 
(3) Springs 
(4) L joints 
(5) Clamps 
(6) Battery 


4 FUTURE SCOPE 


The future scope of our on developing a coconut tree climbing robot is promising and we can 
have several impactful implications: 


4.1 Adaptability to various environments 


Continued advancement in technology holds the potential to enhance the robots’ capabilities, 
allowing it to effectively adjust to a wide range of coconut tree configurations. This includes 
accommodating various diameters, heights and branching patterns found within the 
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heterogeneous landscapes of coconut farms. By further refining its adaptability, the robot can be 
optimized to navigate and perform tasks efficiently and accurately in diverse agricultural settings. 


4.2 Automation and autonomy 


The incorporation of advanced sensors and artificial intelligence stands as a pivotal advance- 
ment in enhancing the autonomy of robots. By integrating cutting-edge technologies, robots 
are empowered to independently navigate and make decisions autonomously during cutting 
and climbing processes. Furthermore, the utilization of machine algorithms and computer 
vision amplifies the robot’s autonomy to a greater extent. This comprehensive integration 
allows the robot to accurately identify the ripe coconuts, and execute precise cutting actions 
with unparalleled accuracy thereby, minimizing the necessity for human interventions. 


4.3 Safety features 


Further investigations can be directed towards integration of a comprehensive range of 
safety measures aimed at further reducing the likelihood of accidents occurring within the 
operational scope of the robot. By exploring avenues for enhancing safety measures, 
researchers can proactively mitigate potential hazards, thereby fostering a heightened sense 
of confidence and assurance in the overall safety standards upheld within the working 
environment where human-robot collaboration takes place. This approach underscores a 
commitment to continuous improvement and the cultivation of culture that values the pro- 
tection and welfare of all individuals involved in the utilization of robotic technologies. 


4.4 Data collection and analysis 


The robotic system has the capacity to be outfitted with a sophisticated array of sensors spe- 
cifically designed to gather comprehensive data of the well-being of coconuts, the overall health 
of trees, as well as pertinent environmental factors. This functionality presents a substantial 
opportunity for the agricultural sector, offering invaluable insights and analytics that can sig- 
nificantly enhance decision making processes for farmers. By designing this advanced techno- 
logical solution, farmers can access detailed and real-time information that enables them to 
optimize their cultivation practices, boost crop productivity and effectively manage resources. 


4.5 Skill development and employment 


One effective strategy to facilitate the integration of robots in agricultural operations is the 
implementation of comprehensive training programs aimed at educating farmers on the profi- 
cient operation and maintenance of these advanced technologies. By providing farmers with the 
necessary knowledge and skills to utilize robots effectively, new job opportunities may arise 
within the rapidly growing agricultural technology sector. These training initiatives not only 
enhance the efficiency and productivity of farming practices but also contribute to the upskilling 
of individuals within the industry, fostering innovation and competitiveness in the agricultural 
sector. With structured training programs in place, farmers can harness the full potential of 
robotic systems, ultimately driving economic growth and sustainability in modern agriculture. 


5 CONCLUSIONS 


This research paper addresses the critical shortage of manual coconut tree climbers. It empha- 
sizes the safety and efficiency of coconut harvesting. Costs and affordability of the model are also 
the areas of consideration in the paper. The paper also explores the more efficient methods to 
climb up the tree with existing agricultural technologies. It also addresses the potential regulatory 
challenges for successful implementation. Overall, the project shows promise in solving pressing 
issues for coconut farmers, but further attention to the cost, environmental impact, technology 
integration, and user experience will enhance its effectiveness. 
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Figure 1. Circuit diagram. 


Figure 2. Assembly on tree. 


In Figure 1 orange Line indicates, battery connections. Red and Black lines indicate 


Motor-switch connections. 


Figure 2 shows the final Assembly of the robot prototype on a palm tree. 
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ABSTRACT: Ensuring efficient water distribution requires advanced predictive strategies 
to enable the urban centres across the world address huge problems in water resource man- 
agement. This study employs machine learning algorithms to build predictive models that can 
forecast accurately water tanker demands in Hyderabad by using datasets obtained from 
Telangana government’s open data platform. We used four popular ML models for this, 
which included Lasso Regression, K-Nearest Neighbors (KNN), XGBoost and Random 
Forest. For each algorithm, the evaluations were done based on Root Mean Square Error 
(RMSE) and Mean Absolute Error (MAE) where KNN performed best showing promising 
results which had RMSE 0.62 and MAE 0.03 compared to other models. Consequently, 
KNN with its lower error metrics is a more dependable and accurate means for municipal 
authorities to predict water needs and hence offers an avenue for them to establish informed 
and efficient resource allocation decisions. The study also compares how models differ sig- 
nificantly in their performances as well as what practical implications need be considered 
when selecting suitable predictive models for improving urban water management systems. 


Keywords: Random Forest, XGBoost, K-Nearest Neighbors (K NN), Lasso Regression 


1 INTRODUCTION 


Concerning urban water management in the world, urbanization, overpopulation, and cli- 
mate change are serious menaces. They have created critical water-related problems as can 
be seen from Hyderabad and Bengaluru (among others). The complexity of these issues 
highlights the need for flexible and robust water management systems that can withstand 
both severe dry spells and torrential monsoon rainfalls. This area now requires machine 
learning (ML) technology to enhance efficiency of operation as well as predictability in 
water management. This study focuses on the city of Hyderabad, in Telangana state India. It 
has grown into a more metropolitan area due to an increase in population. As such it wit- 
nessed a surge in demand for water tankers with 1 million orders made between 2022-2023s 
which is a 28% rise compared to previous year. The three major dams supplying municipal 
waters are Sripada Yellampalli, Nagarjuna Sagar, and Singur. Hyderabad is divided into 
administrative sections that comprise 26 divisions and 16 Mandals which provide support for 
local water management needs of different regions. Using reservoir levels, weather patterns, 
urban expansion and demographics as dataset this report seeks at evaluating the perfor- 
mance of various predictive models for urban water resources planning through examining 
different possible scenarios. The goal of the project is to advance sustainable urban water 
management solutions by developing ways to improve water distribution and management 
through an understanding of the causes that are driving the increasing demand for water 
tankers. 
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2 LITERATURE SURVEY 


There are a few increasingly intricate problems arising from urban water management, with 
multiple solutions being offered by the recent developments in machine learning (ML). For 
instance, Random Forest has been adopted by Guogqiang Chen et al. [1] and Breiman, L. [5] as 
an efficient foundation to predict water demand reliably. Similarly, XGBoost has ever since its 
founding use by Mitra A et al. [2] and Chen, T., & Guestrin, C. [6], been helpful in accurate 
determination of water quality levels. Moreover, research undertaken by Xie, T. et al. [3] and 
Parkhi, Priya N., et al. [16] reveals that K-Nearest Neighbors (KNN) algorithm can easily 
predict short-term water demands with more than 80% accuracy rate. Meanwhile,Kley-Holsteg 
et al.[4] have shown that Lasso Regression had improved groundwater level forecasts with great 
precision.Moreover,the study conducted by Almaspoor et al.[12] found out that Support Vector 
Machines (SVM) effectively observed patterns of urban water use whereas Luis Romero-Ben 
et al. [13], in their research discovered that Neural Networks would identify or detect system 
leakages creatively and forecast them too.The importance for such technologies is illustrated by 
the severe crises experienced in locations like Bengaluru and Hyderabad which reveal the 
immediate as well as intrication of urban water challenges[7]. With increasing recognition of 
machine learning’s potential to improve predictability and operational efficiency in water man- 
agement systems [8], this research by us can help policymakers and urban planners choose the 
best forecasting tools, which will be better for strategic planning and sustainable urban growth. 


3 DATASET 


The Government of Telangana has an Open Data Platform : ODP [11] which is a portal that 
contains datasets from the different departments and organizations of the Government of 
Telangana. 


3.1 Tankers 


The dataset provided by the Hyderabad Water Service and Sewerage Board: HMWSSB, con- 
tains monthly statistics of water tanker usage in all the divisions, which are all in Hyderabad, 
village, and neighborhood. It is evident from the records that the amount of water used fluctuates 
in a particular order, with the highest usage index recorded during the summer months. The 
months of March, April, May, and June are the four months with the highest index(coefficients). 


3.2 Billing 


HMWSSB have given a monthly water supply data in various sections in Hyderabad. The 
water bill collection data was classified as per water connection category and sections. A 
total of 18 water connection category were considered, from Domestic and Hospital supply 
to Industries and Bulk Commercial. 


3.3 Weather 


Similarly, data for various aspects including rainfall, temperature, humidity, and wind speed 
were provided from various weather stations across Telangana. This data was collected for 
book keeping meteorological parameters from different mandals of Telangana and even the 
conditions from neighbouring districts such as Medchal-Malkajgiri and Rangareddy were 
also included, to make this analysis more complete. 


3.4 Reservoir 


Hyderabad receives its water from 3 major reservoirs - Singur, Nagarjuna Sagar and Sri 
Pada Yellampalli Project. With Singur and Sri Pada Yellampalli Project receiving water 
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from the Godavari basin and Nagarjuna Sagar receiving water from Krishna basin. Monthly 
gross storage, inflow and outflow were some of the major features of this dataset. 


3.5 Population 


TSDPS conducted a census in 2011 including all the population of villages in Telangana 
State. As Hyderabad is one of the district we used the data to know how the population is 
distributed between different mandals of Hyderabad, and the purpose of TSDPS is to pro- 
vide people right information at the right time. 


3.6 Ground water 


Finally we used the data of groundwater which is collected by Ground Water Department of 
Telangana to find groundwater levels of each month present in different sections of 
Hyderabad. The unit for groundwater level is in mbgl ( meters below ground level). Also this 
dataset can be used effectively as done by Zainal Abidin et al. (2022) [9]. 


4 METHODOLOGY 


4.1 Data cleaning 


The process of data cleaning involved wrongly assigned datatypes, missing values and 
removal of duplicated information. For instance, missing values were either filled with mean 
of previous data gathering or given a constant value or replaced by 0. Duplicated informa- 
tion mainly comprised other districts. 


4.2 Feature engineering 


Developing an accurate model requires extensive feature engineering. All categorical vari- 
ables were converted into numerical using one-hot strategy to improve efficiency and clarity. 
Monthly reservoir levels and meteorological data were made discrete in nature while the 
HMWSSB divisions were aligned with mandals. 


4.3 Feature selection 


a) Correlation analysis: To solve multicollinearity, we utilized heatmap from correlation 
matrix. For this reason columns having any correlations above a threshold of 0.8 must be 
removed. 

b) Mutual info regression: The method measured statistical dependence between con- 
tinuous features and tanker bookings as dependent variable.The most interesting ones have 
been: ‘section’ (MI = 3.4) and ‘humidity’ (MI = 3.2). 

c) Hypothesis testing: Since the distribution of the target variable is skewed (Figure 1), 
non-parametric tests such as Mann-Whitney U test, Rank-Biserial Correlation instead of t- 
tests were used at significance level of 0.01.“Bulk Commercial” water connection category 
showed the highest correlation with it being equal to 0.4. 
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Figure 1. Distribution of target feature. 
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d) Recursive Feature Elimination (RFE): RFE feature selection technique was used to 
identify two items through the feature importance of ML algorithm. On the other hand, it 
was noted that for constructing a model, the optimal count of subsets is 12 and the optimal 
subset for independent variables is another. 


(X-u? 


Variance = 
N 


0) 


Where X represents individual data points. 


4.4 Hyperparameter tuning 


We employed GridSearchCV [10] to optimize our machine learning models, which resulted 
in obtaining best parameters for Random Forest, XGBoost, K-Nearest Neighbors (KNN), 
Lasso Regression. Key settings were: Random Forest — no limit on max_depth and minimal 
sampling; XGBoost — moderate depth and learning rate; KNN - distance weighting; Lasso 
Regression — low alpha. More insights on hyperparameter optimization by Li et al. (2020) 
[14] as well as adaptive learning techniques from Montiel et al. (2020) [15] guided 
improvements in enhancing urban water management model efficiency. 


5 MODEL TRAINING 


5.1 Algorithms used 


5.1.1 Random forest 

Random forest ensemble learning method uses multiple decision trees to make predictions. 
To improve accuracy and robustness, many trees are produced during training and their 
results are aggregated using mean for regression or mode for classification purposes. This 
strategy works excellently with large complex datasets that contain both numerical features 
as well as categorical data. 


5.1.2 Extreme gradient boosting 

XGBoost (Extreme Gradient Boosting) is the name of a complex gradient-boosted decision 
tree technique meant for speed and effectiveness. It is quite flexible and can be regularized to 
improve performance and avoid overfitting. XGBoost was chosen since it has been the most 
successful algorithm in Kaggle competitions, as well as its ability to handle different types of 
data structures, sizes etc., with additional integrated features such as cross-validation and 
feature importance that are important for iterative modeling and result interpretation. 

The prediction model in XGBoost is updated iteratively using the formula: 


yt) = yi + Nfs) (2) 
Where 7 is the learning rate. 


5.1.3 K-Nearest Neighbors (KNN) 

This non-parametric type makes it useful in situations where data distribution is unknown or 
uncertain. This is why it was selected. KNN can learn adaptively based on the observed 
outcomes of surrounding datapoints, making it very helpful in regression problems when the 
relationship between datapoints is likely not to be linear. To locate neighbors with Euclidean 
distance we use this formula: 


d(x, Xi) = So (xi m x) (3) 


J 


Where x is the new point and x; is the training sample. 
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5.1.4 Lasso regression 

For example, Lasso Regression is one such linear regression that uses a type of shrinkage 
known as Least Absolute Shrinkage and Selection Operator which essentially means that it 
pulls the data values towards a central point so as to create simpler models with fewer 
parameters in them. The main objective of the selection of this method was its ability to 
select relevant features when dealing with datasets that have very many variables. Lasso 
improves model performance and interpretability by helping identify the most predictive 
elements and removing less significant ones. 


6 EVALUATION METRICS AND MODEL PERFORMANCE 


In this study, two evaluation metrics were used: RMSE (root mean squared error), which 
indicates the larger errors because it is sensitive to anomalies, and MAE (mean absolute 
error), which provides an unbiased view of performance due to insensitivity to outliers. In 
summary, final model comprised of twelve key features like section, ameerpet, khairatabad 
etc. Significant findings from visualizing data include highest tanker bookings and water bills 
being made in Division 15; Shaikpet also having high bookings; Amberpet recording the 
highest median groundwater level at 15.3 mbgl. The study compared machine learning 
models like Random Forest, XGBoost, KNN, and Lasso Regression, finding that KNN, 
with the lowest RMSE and MSE as shown in Table 1 and illustrated in Figure 2, was most 
effective for predicting urban water tanker demand, indicating its strong performance in 
complex urban water management scenarios. 


Table 1. Results of models. 


Models RMSE MAE/MSE (for KNN) 
Random Forest 1.46 0.48 

XGBoost 6.2 4.14 

KNN 0.62 0.03 

Lasso Regression 398.7 231.88 
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Figure 2. Bar graph RMSE v/s MAE. 
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ABSTRACT: This study investigates the potential of machine learning for diagnosing 
anemia using eye health data. The researchers implemented Naive Bayes, Random Forest, 
and Decision Tree algorithms to analyze a dataset containing various eye parameters and 
corresponding anemia diagnoses. The goal was to identify patterns linking eye conditions to 
anemia, ultimately aiming to improve early detection and treatment strategies. The analysis 
revealed promising accuracy in predicting anemia based on ocular features, suggesting that 
non-invasive eye exams could be a valuable tool for anemia screening. This approach has the 
potential to streamline diagnosis and expedite intervention for patients. 


Keywords: Decision tree, Random Forest and Naive Bayes and Machine learning 
techniques 


1 INTRODUCTION 


Our project introduces a state-of-the-art voice-activated assistive mobile application speci- 
fically designed for individuals with visual impairments. This innovative system seamlessly 
integrates advanced technologies such as real-time object detection, robust voice recognition, 
and seamless navigation functionalities using the Google Maps API. Our primary goal is to 
enhance accessibility and promote independent living by providing a comprehensive and 
user-friendly interface tailored to the unique needs of visually impaired users. Through 
meticulous design, systematic implementation, and rigorous testing, our project aims to 
demonstrate the transformative impact of this assistive technology. By bridging the acces- 
sibility gap and empowering users with intuitive voice commands, accurate object recogni- 
tion, and personalized navigation assistance, our system represents a significant 
advancement in inclusive digital solutions for individuals with visual impairments. This 
documentation provides a detailed exploration of the project’s architecture, key features, 
implementation strategies, and user-centric benefits, highlighting its potential to enhance 
digital accessibility and foster inclusivity in modern technology environments. 


2 RELATED WORK 
Suresh, S., et al. [1] 


Problem Statement: Anemia detection through eye-related features is challenging but vital 
for early intervention. 


DOI: 10.1201/9781003559092-55 319 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


Proposed Solution: The authors propose a machine learning-based approach using 
Decision Tree, Random Forest, and Naive Bayes algorithms. 

Danish Asad Khan, et al. - 2022[2] 

Problem Statement: Anemia detection using eye-related features requires a smart and 
cost- effective solution. 

Proposed Solution: Develops a system integrating Decision Tree, Random Forest, and 
Naive Bayes models, leveraging eye-related data for anemia detection. 

Norhafizah bt Aripin; et al. [3] 

Problem Statement: Anemia detection through eye-related features needs to be accessible 
and user- friendly. 

Proposed Solution: Implements a user-friendly system using Decision Tree, Random 
Forest, and Naive Bayes models for anemia detection based on eye data. 

V.N.Vaishnavi, et al. [4] 

Problem Statement: Anemia detection using eye-related features requires real-time pro- 
cessing and accuracy. 

Proposed Solution: Implements an Integrated Machine Learning System with Decision 
Tree, Random Forest, and Naive Bayes models for real-time detection of anemia. 

Reuben Ailin Santoso, et al. [5] 

Problem Statement: Scalability is a challenge in implementing anemia detection solutions 
based on eye- related features. 

Proposed Solution: Develops a scalable solution using Decision Tree, Random Forest, 
and Naive Bayes models for anemia detection through eye data. 


3 PROPOSED SYSTEM 


This study explores the development of a diagnostic system for anemia using machine 
learning algorithms. The system analyzes various eye-related parameters to identify patterns 
and connections linked to anemia. By leveraging techniques like Decision Trees, Random 
Forests, and Naive Bayes, the system aims to achieve efficient and non-invasive anemia 
detection. This approach has the potential tooffer healthcare professionals a valuable tool 
for early screening, allowing for prompt intervention andimproved patient outcomes. 


4 SYSTEM ARCHITECTURE 


Figure | shows the system architecture. 
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Figure 1. Architecture 1. 
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Figure 2. shows the use case diagram. 


system 


Figure 2. Use case diagram. 


5 IMPLEMENTATION 


Figures 3 and 4 shows the implementation page. 


Figure 3. Demonstration of register page. 


Figure 4. Implementation of random dorest, decision tree and XG boost module. 
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6 RESULTS 


Figures 5 & 6 shows the login page and model page. 
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Figure 5. Login page. 
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Figure 6. Predication page. 


7 CONCLUSION 


Our project successfully developed a predictive model for anemia detection using eye images. 
Through the utilization of decision tree, random forest, and XGBoost algorithms, we 
achieved a reliable and efficient tool for early anemia detection. The binary classification 
output accurately indicates whether an individual has anemia or not. This non-invasive eye 
imaging technique holds great potential for early intervention and improved healthcare 
outcomes in the diagnosis of anemia. 
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Assessing the efficacy of machine learning algorithms in weather 
forecasting: A comparative study of Erode weather data from local 
weather station 
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Department of ECE, K.S. Rangasamy College of Technology, Tiruchengode, India 


ABSTRACT: The effectiveness of machine learning (ML) algorithms for forecasting various 
weather conditions is currently under investigation. Advanced comparative analysis including 
Determining Tree Regression (DTR), Clueless Chicks, k-distance-neighbors algorithm (KNN), 
support vector machinery algorithms (SVM), logarithmic regression, Random Foreskin (RF), and 
XGBoost So etc. This study investigated in short-term Weather forecasting is available , which 
provides data sets with historical weather attributes such as temperature, humidity, atmospheric 
pressure, wind speed, and statistical parameters such as recall , accuracy, and scoring the effects of 
F1 feature engineering, data preprocessing, and overfitting are used The opposite indicates high 
accuracy and robustness, while simple models such as Logistic Regression and Clueless Chicks for 
estimation when early This review provides a general overview for ML algorithms for weather 
forecasting, and concludes with insights into simulation findings to understand patterns provided 
by disaster preparedness. 


Keywords: The k-nearest-neighbors algorithm (KNN), Naive Bayes, Decision Forest 
Regression (DTR), logarithmic regression, Machine Learning with Support Vector 
Machines (SVM), Comparative Analysis, XGBoost Prediction and Accurate Forecasting of 
the Weather, Random Forest (RF), Machine Learning, and Climate Patterns 


1 INTRODUCTION 


Recent advances in weather forecasting driven by machine learning (ML) frameworks offer a 
promising departure from traditional approaches based on complex mathematical models This 
review examines how ML improve the effectiveness of seven popular algorithms — XGBoost, 
Random Forest (RF), Decision Tree Regression (DTR), naive Bayes, k-nearest-neighbors 
(KNN), and collective insights to impose logarithmic regression the weather forecast is intended 
to guide meteorologists and researchers in choosing the appropriate system for specific forecasting 
needs. In addition, the study contributes to the broader discourse on ML applications in climate 
science by identifying key challenges and opportunities. Using detailed data including atmo- 
spheric pressure, temperature, wind speed, humidity, and precipitation records, the performance 
of each algorithm is evaluated using common analytical measures such as recall, precision, 
accuracy, and F1 score consider. It goes into detail on the effects of processes and extra- 
parametric variables. The syntactical structure includes a section to summarize relevant research, 
describe the ML model, elaborate on the synthetic design, present comparative and analytical 
results, discuss findings, and make recommendations various for on future research areas. 


2 LITERATURE REVIEW 


The combination of machine learning (ML) and climate forecasting has emerged as a dynamic 
research frontier, with many studies showing the ability of ML algorithms to cut the norm (KNN), 
logarithmic regression, and naive Bayes regression to modify climate forecasting etc. showed good 
performance in two weather forecast scenarios, indicating high accuracy (Smith et al. 2018). SVM 
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shows promise in high-resolution data processing, providing remarkable accuracy in temperature 
prediction (Chen et al. 2019). The simplicity and efficiency of KNN make it particularly competitive 
in short-term forecasting (Patel and Patel 2020). Naive Bayes excels in categorical weather fore- 
casting tasks, outperforming more robust models in some situations (Gomez and Oviedo 2017). The 
RF method of clustering reduces overfitting, and increases the robustness of the model (Liu et al. 
2021). XGBoost is specific for its application in severe weather forecasting (Huang and Lin 2022). 
Future research should explore hybrid deep learning models for accuracy and reliability. 


3 METHODOLOGY 


Our study evaluates and tests a variety of algorithmic-learning (ML) weather prediction networks. 
We collect and pre-process some of the most accurate data on the weather we have observed 
before meteorological observations from several weather stations such as humidity, atmospheric 
pressure, temperature level, wind speed etc. Preprocessing and cleanup, conversion accuracy, 
missing values handling, and feature engineering. The selected ML algorithms include K-Nearest 
Neighbors, Random Forest, Logistic Regression, and XGBoost, enabling testing for classification 
and regression tasks Testing parameters include F1 score, memory, efficiency, and acuity. The 
experimental model divides the training set into training (70%) and testing (30%) sets for complex 
training and evaluation. Parameter tuning and cross-validation optimize each model, reducing the 
risk of overfitting. The methodology is expected to provide valuable insights into the effectiveness 
of ML algorithms in climate forecasting, direct future research for more accurate forecasts and 
enable better applications in meteorology. 


4 BLOCK DIAGRAM 


The weather forecasting application operates on a set of principles and functionalities that com- 
bine cutting-edge technology and sophisticated data analysis are shown in Figure 1. The funda- 
mental principles governing its operation can be outlined as follows: 


l | 


> > > 


Figure 1. Block diagram for forecasting model. 


4.1 Data collection 


The application gathers data from a local weather station, observing meteorological factors like 
air pressure, temperature, humidity, and wind speed. Ensuring data quality and accuracy is cru- 
cial, addressing any inconsistencies or gaps during preprocessing. 


4.2 Data preprocessing 


Raw time series data undergoes thorough cleaning to manage missing numbers, eliminate 
anomalies, and ensure data consistency. Techniques like normalization and transformation may 
be applied for dataset preparation. 


4.3 Forecasting model selection 


Various forecasting models, including LSTM, are evaluated based on performance metrics. 
Parameters of the selected model are adjusted to optimize forecasting accuracy after training on 
historical data. 
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4.4 Real-time updates 


The application provides timely updates on weather conditions by continuously integrating with 
the local weather station and forecasting model. Users receive accurate information to make 
informed decisions based on current and predicted weather. 


4.5 User-centric design 


The application offers a user-friendly interface with customizable features. 


5 PROPOSED METHOD 


A thorough machine learning (ML)-based methodology is used in the suggested weather fore- 
casting model, from data gathering to operational deployment (refer to Figure 2). In order to 
determine which machine learning algorithms are most suited for forecasting particular meteor- 
ological parameters like temperature, humidity, and precipitation, a variety of algorithms are 
evaluated methodically in this model. Preprocessed historical climate data is collected from 
meteorological stations. The important atmospheric characteristics included in this data are 
temperature, wind speed, precipitation levels, moisture content, and air pressure. In order to 
improve predictive performance, preprocessing entails employing feature engineering approaches 
along with cleaning, standardizing, and modifying the data. 


Collect Weather data 


Send data to the central server 


Figure 2. Flow diagram for forecasting model. 


6 RESULT AND OUTPUT 


The output of the proposed machine learning model for weather forecasting is multifaceted, 
reflecting both the immediate results of weather prediction and the broader impacts of deploying 
such a system. Below is a detailed breakdown of the expected outputs: 


6.1 Weather predictions 


6.1.1 Weather parameter forecast 

Important weather characteristics such as temperature, humidity, wind speed, precipitation, and 
atmospheric pressure are predicted by the model Its strength is a short-term (daily) prediction; 
Depending on the data availability and sampling design, it may also refer to mean (weekly) trends 
(see Figure 3). 


date precipitation temp_max temp_min wind weather 
2023-01-10 0.0 128 50 47 o 
2023-02-10 10.9 10.6 28 45 


(] 
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2 2023-03-10 08 n7 (eed ESS 2 
3 2023-04-10 203 12.2 56 47 2 
4 2 


2023-05-10 13 89 28 61 


361 2024-09-26 44 78 Ss 92 
362 2024-09-27 0.0 83 3917 
363 2024-09-28 15 5.0 Sey i7 
364 2024-09-29 0.0 44 00 18 


oc oN NN 


365 2024-09-30 0.0 3.3 -11 20 


Figure 3. Output for forecasted weather parameters. 
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6.1.2 Prediction confidence intervals 

For climate projections, the model provides not only point estimates but also meaningful direc- 
tional confidence intervals for actual values. To aid risk assessment and decision-making, these 
intervals show forecast uncertainty (see Figure 4). 


Figure 4. Simulation results for forecasted weather parameters. 


6.2 Performance metrics 


6.2.1 Accuracy measures 

To evaluate its performance for regression and classification tasks, the model calculates measures 
such as F1 score, precision, recall, and accuracy. These metrics show how effective the random 
forest technique is in providing access compared to ML models or other benchmarks (see Figure 5). 


precision recall fi-score support 


o 0.00 0.00 0.00 11 
1 8.25 8.13 0.17 31 

2 0.95 0.93 0.94 155 

3 1.00 0.17 0.29 6 

4 0.75 0.87 0.81 163 

accuracy 0.80 366 
macro avg 0.59 0.42 0.44 366 
weighted avg 0.77 0.80 0.78 366 


Figure 5. Accuracy measures for forecasted weather parameters. 


6.2.2 Confusion metrics 

Confusion matrix measurements are the result, which are essential for deployment, especially in 
environments with restricted resources. These metrics include training time and resource 
requirements (Figure 6). 


Figure 6. Confusion metrics for forecasted weather parameters. 
6.3 Comparative analysis 


6.3.1 Algorithm performance comparison 

To aid in the selection of an algorithm, the model assesses machine learning techniques for 
weather forecasting and notes both their advantages and disadvantages. Figure 7 illustrates how 
well Naive Bayes does in categorization problems. 
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Figure 7. Classification models for forecasted weather conditions. 


Classification Models 


6.3.2 Insights & recommendations 
The model supports well-informed selection and design for weather forecasting by providing 
insights into algorithm performance through analysis (see Figure 8). 
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Figure 8. Confusion metrics for forecast weather parameters. 


7 CONCLUSION 


The study aims to enhance weather forecasting by reviewing techniques for learning by machine 
like Random Forest, SVM, KNN, Logistic Regression, Naive Bayes, and XGBoost. It stresses the 
importance of preprocessing data comprehensively and customizing algorithm settings. Results 
indicate that advanced techniques like Random Forest and XGBoost offer better prediction 
accuracy and computational efficiency. This highlights the potential of machine learning to 
revolutionize weather forecasting and suggests exploring hybrid models and novel techniques in 
the future. Integrating machine learning into meteorology can improve the reliability and time- 
liness of weather predictions, benefiting various sectors in preparedness and response to weather- 
related challenges. A sensor suite comprising temperature, humidity, wind speed, and air pressure 
sensors interfaced with an ESP8266 module has been developed. Power adaptation ensures con- 
sistent voltage supply, and real-time weather data collection in the Erode district is the focus of 
operational deployment, with input values displayed on an LCD. There will be a future 
application built. 
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ABSTRACT: Addressing the patterns of rising Chronic Diseases (CD) presents substantial 
challenges for healthcare systems globally. Moreover, the enormous quantities of data 
gathered by the healthcare sector have the potential to be valuable for decision-making, 
diagnosis, and data processing. The diagnosis of cardiovascular diseases (CDs) has been 
enhanced by utilizing developments in Support Vector Machine (SVM) algorithms, which 
learn from past datasets. This work introduces a hybrid optimization strategy called 
Population and Fitness-based Eagle Optimization (PF-EO) for selecting optimal character- 
istics and categorizing CD. The goal is to enhance the effectiveness and reliability of the 
strategies. When employing the WEKA data mining tool in the current methodology, 
decision trees yielded favorable outcomes. 


Keywords: Healthcare, Chronic Disease, Features Selection, Decision Tress, Population and 
Fitness-based Eagle Optimization, Improved Support Vector Machine 


1 INTRODUCTION 


The rising prevalence of an aging population in CD is driven by factors such as limited 
resources, growing public knowledge of healthy lifestyles, and the need for preventive mea- 
sures. These challenges pose significant issues in the global healthcare systems. The most 
effective strategies for halting the transmission of CD have always been recognized as disease 
prevention and early illness detection [1,2]. Traditional medical approaches concentrate on 
treating individual illnesses, whereas a comprehensive strategy is required to prevent CD [3]. 

Medical data mining is a developing field that involves the analysis, diagnosis, and 
treatment of various diseases to tackle real-world health problems [4]. It involves employing 
diverse methodologies to analyze past data that has been gathered or conserved to detect 
potential illnesses, determine the most probable treatment plan for the patient, and predict 
the probability of the patient’s survival in a certain situation [5]. Categorization and 
grouping are the two fundamental methods used in the DM testing method. The categor- 
ization method is often adopted and is simple to evaluate and interpret for professionals [6]. 

Researchers have recently proposed several diagnostic methods integrating Artificial 
Intelligence, DL, Machine Learning (ML), and Data Science for identifying diseases [7,8]. 
Classification of the mitral heart valve and aortic heart valve problems using a database of 
Doppler heart sound waves from ultrasound equipment in conjunction with an adaptive neuro- 
fuzzy inference system [9]. A new method of choosing the best weight and fitness function SVM 
of select extra pertinent features [10]. When SVM was utilized for feature extension the study 
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examines several feature selection techniques, including SVM, Chi-squared, Consistency subset 
Relief, CFS, filtered subset, gain ratio, and data gathering techniques [11]. SVM-based cate- 
gories outperform other classifications improving prediction by 3.09% in practice [12].RF and 
C5.0 outperform much better detection performance of 100% and 99% correspondingly, than 
ML approaches like KNN and RF when tenfold cross-validation was utilized [13,14]. For the 
segmentation of images, the clustering algorithm Fuzzy c-means is used to determine cell 
irregularity in segmented images under research [15]. Furthermore, a hybrid diabetes forecast 
system was created utilizing the C4.5 decision tree with the traditional K-means clustering 
approach to help doctors effectively diagnose the disease in its early stages[1 6]. 


1.1 Problem statement 


The problem statement revolves around the need to develop a reliable machine-learning 
model for predicting heart disease, a critical health concern affecting millions worldwide. 
Despite advancements in medical science, accurately identifying individuals at risk remains 
challenging due to the complex interplay of various risk factors such as age, gender, lifestyle 
choices, and genetic predispositions. 


1.2 Motivation 


The motivation behind developing a machine learning model for predicting heart disease 
stems from the urgent need to address a significant global health challenge. Heart disease 
remains one of the leading causes of morbidity and mortality worldwide, causing immense 
suffering and economic burden on individuals, families, and healthcare systems. 


2 LITERATURE SURVEY 


An analysis of the dataset reveals that distinct and non-overlapping learning algorithms 
demonstrate superior performance and yield more precise outcomes [17]. An extremely accu- 
rate diagnostic technique that utilizes VAG signals to identify issues with the knee joint. The 
approach was developed using an advanced feature selection and categorization mechanism. 

The researchers employed Apriori and genetic algorithms to identify the most significant 
and consistent characteristics [18]. The performance of RF and LS-SVM classifications is 
assessed. In addition, the wavelet transform was used to distinguish normal from patholo- 
gical VAG signals [19]. Based on the evaluation measures [20], the Apriori technique 
achieved the highest efficiency of 94.31% when used in conjunction with LS-SVM [21]. 

Unfortunately, the majority of conventional systems lack an adaptive capability, which 
reduces success rates and lengthens decision-making processes for the accurate identification 
of illness [22]. An adaptable classifying strategy was needed for illness forecasting due to the 
shortcomings of current standard classification methods, such as their LSR and longer 
decision-making processes. 


3 PROPOSED SYSTEM 


Developing a Hybrid Improved Support Vector Machine with Population and Fitness-based 
Eagle optimization technique to detect heart disease at an early stage. The utilization of a 
combination of different kernel functions or modifications to existing kernels within SVM, 
aimed at improving the model’s performance in heart disease detection. The proposed 
techniques involve gathering relevant medical data or research findings from sources in 
multiple languages, thereby enhancing the comprehensiveness of the dataset. Additionally, 
the integration of ISVM algorithms improves the classification accuracy and efficiency of 
the model. 
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3.1 Improved support vector machine (ISVM) 


Correlation-based feature selection is a method commonly employed in predictive modeling 
for heart disease. In this approach, a dataset encompassing various potential predictors such 
as age, blood pressure, cholesterol levels, lifestyle habits, and medical history is collected. 
Alongside these predictors, a target variable indicating the presence or absence of heart 
disease is also included. 


3.2 Population and fitness-based eagle optimization technique 


The proposed approach aims to leverage the complementary strengths of machine learning, 
information retrieval, and optimization techniques to enhance the accuracy, efficiency, and gen- 
eralization capabilities of the heart disease detection system shown in Figure 1. By integrating 
diverse data sources, optimizing model parameters, and employing advanced optimization tech- 
niques ISVM with PF-EO technique offers a promising solution for early-stage detection of heart 
disease, ultimately leading to improved patient outcomes and healthcare decision-making. 


3.3 Steps for implementation 


Step 1: Raw data, including the state of the disease today and its symptoms, are gathered 
from repositories in this phase. Testing and learning sets have been created from the datasets. 

Step 2: Detecting heart disease at an early stage is crucial for effective treatment and 
prevention of life-threatening complications. 


(Clinical Data 


Pre-processing 


Improved Support Vector Machine (ISVM) 
Population and Fitness-based Eagle Optimization 


Model Construction 


Figure 1. Proposed architecture. 


Step 3: To achieve this, a hybrid approach integrating ISVM with PF-EO can be 
employed. Preprocessing techniques play a pivotal role in optimizing the performance of this 
hybrid model. 

Step 4: Population and Fitness-based Eagle Optimization (PF-EO) technique for selection 
of optimal features with ISVM. 

Step 4: Effectiveness comparisons between the presented technique and KNN, SVM, 
Naive Bayes, and Decision tree are performed. 


4 FEATURE SELECTION USING ISVM 


Input: A data sample of patient attributes for Heart Disease(A;, A>, ... , Ax), Vinins Vmax f1 
r2, W, C1, Co, 

Output: Optimized Fitness value 

Step 1: Initialize the population 
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Step 2: while (max. iteration or criteria of convergence not attained) do 
Step 3: for x = 1 to no. of particles 

Step 4: Determine the particle’s fitness value using ID3 

Step 5: if the fitness value of A, was greater than that of PB, 

then PB, = A, 

Step 6: if the fitness values of I, were greater than then put = A, 

Step 7: for d =1 to no. of attributes in the heart disease dataset 

Step 8: Vige = W x V goa +c, r] (pb jou = I, ott) +, (pb jou = Igoa) 
Step 9: if V, ig > Vmax then Vjqrew > Vmax 

Step 10: if Vu > Vmax then Vire > Vmin 

Step 11: if sigmoid (Vire > U(0,1) 

Step 12: [gre = 1 


else 
Step 13: Ipe = 0 
next d 
next x 
P(A) — P(C) 
le P(C) (1) 
1 n ' 1 
MAB S If — jl => Jex] 2) 
ey = i! ae Pry — ty 6) 


Here Py - predicted value; x = fitness value; Ty = Target T with fitness value y 


3.4 Population and fitness-based eagle optimization 


The selection of the Eagle’s behavior is mostly based on a fundamental technique, despite the 
existence of multiple algorithms. The average Eagle location is determined by utilizing 
Equation (6). 


Aml ~ oe An(y (4) 


When an Eagle initiates an attack on its prey, the prey endeavours to flee, resulting in a 
fluctuation in the victim’s energy levels. The energy of the prey is determined by employing 
the formula shown in Equation (7). 


K= 2Ko|I -2| (5) 
A(y + 1) = AA(y) — J[MA rabbiy) — A)| (6) 
AA(y) — Apaboi(y) — AQ) (7) 


3.5 Algorithm of PF-EO with ISVM 


Step 1: For each element 
Step 1.1: Start the element. 
Step 2: Do 
Step 3: For every element 
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Step 3.1: Initialize r-iteration number; s- inhabitant. 

Step 3.2: Find the Eagle position and fitness. 

Step 3.3: While (condition not met) do. 

Step 3.4: Determine the fitness value using Equation (7) 

Step 3.5: Exact position of Rabbit A Rabbit 

Step 3.6: Individual Eagle B, 

Step 3.7: If |s| > 1 

Step 3.8: Compute the eagle seen unsystematically using Equation (8) 
Step 3.9: Update the exact location of prey of the eagle using Equation (9) 
Step 3.10: if |s| < 1 

Step 3.11 if (m > 0.5 and |s| > 0.5) 

Step 3.12: Update the hard location vector position 

Step 3.13 if (m < 0.5 and |s| > 0.5) 

Step 3.14: Update the exact location vector position 

Step 3.15 if (m < 0.5 and |s| < 0.5) 

Step 3.16: If FV was greater than the highest fitness value ever recorded (pbest) 
Step 3.17: Present value will serve as the new pBest 

Step 4: selected to designate the component of the highest FV as the gBest 
Step 5: For every element 

Step 5.1: Determine the particle velocity 


4 RESULTS AND DISCUSSIONS 


Test data are chosen from the remaining 20% of the dataset, with the remaining 80% selected 
randomly as the training set. The performance of the ISVM-PFEO approach is compared to 
previous methods in terms of accuracy, specificity, negative predictive value, positive pre- 
dictive value, and sensitivity. Table 1 and Figure 2 depicts the circumstances in which the 
ISVM-PFEO algorithm is applied and 15 characteristics are chosen for evaluation. ISVM 
different situation results from applying the ISVM-PFEO algorithm to the data collection. 


Table 1. After implementation. 


Kappa Accuracy Specificity Sensitivity Precision 
Algorithm statistic MAE RMSE (%) (%) (%) (%) 
KNN 0.95 0.03 0.16 98 93 96 95 
SVM 0.97 0.02 0.12 98 96 98 98 
Naive Bayes 0.92 0.04 0.19 98 97 98 97 
Decision Tree 0.94 0.04 0.08 97 97 98 98 
ISVM-PFEO 0.98 0.01 0.06 99 99 99 99 


Table 2 uses used accuracy of all attributes, except the decision tree, which increases when 
20 attributes have been chosen. Also, choosing 15 qualities increases accuracy by more. 


After Implementation 


30 
20 
0 


Specificity 
(%) 


recision 
() 


Figure 2. After implementation. 
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Table 2. Accuracy of various algorithms with different attributes. 


Methods (25 attributes) (20 attributes) (15 attributes) (10 attributes) 
NN 96 95.6 97 95.27 

SVM 97.82 98.27 98.6 97.82 

Naive Bayes 95.77 97 97.6 96.2 

Decision Tree 96 98 98.56 98 
ISVM-PFEO 99 99 99 98.5 


5 CONCLUSION 


This study demonstrates that the fitness function, which is the attribute from the database 
that exhibits the highest accuracy based on the ISVWM-PFEO approach, enhances the per- 
formance of the CD. SVM, Naive Bayes, Decision tree, and KNN are among the classifiers 
employed for the assessment and prediction of CD. The WEKA tool was used to compare 
the performance of several classifier algorithms. According to the performance findings, a 
proposed method achieves a maximum accuracy of 99%. The ISVM demonstrates a preci- 
sion rate of 97.75%, making it the second most effective predictor. Consequently, the ISVM- 
PFEO approach yields superior CD outcomes. Overall, the creation of a Hybrid ISVM- 
PFEO strategy for early identification of heart illness signifies a thorough and inventive 
method in the realm of medical diagnostics. 


5.1 Future directions 


By utilizing advanced feature selection approaches such as genetic algorithms, recursive 
feature elimination, or principal component analysis, it is feasible to identify the most rele- 
vant features for identifying heart illness. Exploring the utilization of deep learning models 
such as CNN or RNN has the capacity to improve the precision of heart disease detection by 
finding complex patterns in medical data, hence providing additional insights. 
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ABSTRACT: A country’s ability to grow economically is fueled by its manufacturing 
sector. Numerous materials are wasted as scrap during the manufacturing process. 
Conventional waste treatment methods typically result in material waste, high energy con- 
sumption, lengthy processing times, and the potential for hazardous gas formation. The 
processing of materials has been drastically revolutionized by the use of microwave energy in 
place of traditional methods. Microwave processes are faster than conventional ones in 
terms of processing time, material waste is eliminated, pollution is decreased, and energy 
consumption is lower. In addition to these advantages, the product quality is enhanced by 
the microwave’s ability to heat uniformly, which results in a better microstructure, smoother 
surfaces, and fewer casting flaws. Furthermore, managing workshop wastes and recycling 
them is an inevitable but possibly hazardous task. In the current project, copper scrap that is 
gathered from the workshop is microwave-treated at 2.45 GHz using a multimode appli- 
cator. The silicon carbide susceptor is used to start the coupling process with copper, and the 
microwave hybrid heating principle is applied. The samples were examined using an X-ray 
diffractometer, a macrohardness tester, and a field emission scanning electron microscope 
(FE-SEM). 


Keywords: Microwave melting, Metals, Material processing, Microwave hybrid heating 


1 INTRODUCTION 


Processing materials using microwave has piqued the interest of researchers over the last few 
decades. In conventional processes, heat is generated by external heat sources and trans- 
ferred to the material’s surface via radiation. Because of the high thermal conduction, heat 
transfer from the surface heats the interior regions. A product with a subpar microstructure 
could be the outcome. In essence, microwave heating is a fast-acting volumetric heating 
method. In contrast to conventional heating methods, this method heats the material at the 
molecular level. In comparison to traditional heating, microwave processing minimizes 
residual stress, porosity, cracks, and thermal distortions [1] [5] [11].Before 2000, only plastics, 
semiconductors, alloys and ceramics could be processed using microwaves [14]. Metals often 
reflect microwaves, which can lead to sparking and damage to microwave ovens. Since the 
skin depth of metals is only a few microns, they are not very effective microwave absorbers. 
To overcome these challenges, microwave hybrid heating is used to heat the metallic mate- 
rials. Microwave hybrid heating combines direct microwave heating with infrared heat 
sources. The susceptor material absorbs microwaves at low temperatures and rapidly heats 
up to high temperatures. The infrared thermal radiations emitted after absorbing the 
microwave transfer heat from the susceptor to the material. In hybrid heating, two types of 
heating are used: conventional heating via susceptor and direct heating via microwave. 
Materials that are passive to microwave absorption are heated using microwave hybrid 
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heating [12] [13].Iron, copper, and graphite (Fe + Cu (2%) + graphite (0.8%)) were the 
metallic materials that were sintered in 1999 at 1200°C. Excellent sintered density was 
obtained after 30 minutes of microwave radiation exposure. [10]. Microwave metal proces- 
sing was extended to melting and casting at the Oak Ridge Y-12 National Security Complex 
(TN, USA).Metal castings with varying masses of steels, copper, aluminum, brass, uranium, 
bronze, titanium, and zirconium were processed. Because of their greater skin depth, pow- 
ders are better microwave absorbers than bulk powders. Aluminum, copper, and stainless 
steel were later melted in bulk state. Melting, casting and detailed casting characterization of 
most of the metals has been achieved [6] [13]. 

The inverse thermal gradient that results from microwave heating causes heat to move 
from the target material body’s interior to its surface, which may cause the surface to have a 
poor microstructure. When hybrid heating is used, a unidirectional microstructure is pro- 
duced because the temperature profile is almost constant from the material’s surface to its 
interior [3] [4] [8] [9] [15]. Microwave processing and characterization of lead scrap has been 
carried out in the past but scrap of other materials has not been process. The copper scrap 
collected from workshop is melted using a microwave hybrid heating technique in the cur- 
rent work and detailed characterization is carried out to study the changes in micro structure 
and mechanical properties [4] [7]. 


2 EQUIPMENT, MATERIALS AND METHOD 


2.1 Equipment details 


The following parts of an industrial microwave oven with a power output of 1.45 kW were 
utilized — a microwave power supply, power controller, laser, thermocouple and a cooling 
system based on water. Silicon carbide susceptor plates were used for processing material at 
800 W, 1000 W, 1445 W power level. 


2.2 Material details 


The copper scrap is stockpiled from the workshop and reduced to tiny fragments. The gra- 
phite block is used in the manufacturing of moulds. Square-shaped, 50 mm by 50 mm silicon 
carbide susceptor plates that can withstand temperatures up to 1400°C are employed. The 
microwave oven may be heated to a maximum temperature of 1400°C. The setup is pro- 
tected from damage by insulation which covers the graphite mould setup from direct 
microwave exposure. 


2.3 Making of graphite mould and casting 


The purpose of the graphite mould is to gather scrap, and it features a tiny opening on the 
bottom to allow feed to a second graphite mould positioned underneath it. The graphite 
mould contains approximately 84 g of copper waste. Susceptor plates cover the top of the 
mould, and the graphite plate is placed below the bottom graphite mould. As indicated in 
Figure 1, the finished configuration is completely covered by insulating blocks before being 
placed inside the microwave. The laser inside the applicator cavity ensures the location of the 
mould. To melt copper scrap and create castings, a microwave hybrid heating system is 
employed. Material gets heated as a result of the setup being exposed to microwaves. When 
the copper scrap reaches melting point, it begins to melt, and the opening in the bottom of 
the mould lets the molten metal flow and gather there. Casting is produced after cooling and 
solidification occurs [8]. 


338 


SUSCEPTOR 


GRAPHITE MOULD 
WITH METAL SCRAP 


GRAPHITE MOULD TO 
COLLECT MOLTEN 
METAL 


MELTED METAL 


INSULATOR 


Figure 1. Schematic representation of the apparatus positioned within the applicator cavity. 


3 RESULTS AND DISCUSSION 


Different power levels were used when processing copper scrap using microwaves. The scrap 
taken for microwave processing is in bulk form. The melting point of copper is 1083°C. The 
microwave hybrid technique is utilized so the microwave radiation absorbed results in 
heating of the susceptors. Silicon carbide susceptors are used for this purpose and they 
absorb power more quickly than other materials do, which causes the material to heat up in 
the microwave—it can reach 1300 K in just few minutes. Melting 86 gm of copper scrap at 
power levels of 1445 W, 1000 W, and 800 W is said to take 20 minutes, 30 minutes, and 
40 minutes, respectively for makings castings. The melting time increases and the heating 
rate reduce as the power level drops. A diagram of this can be found in Figure 2. 
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Figure 2. Temperature Vs Time graph at 800 W, 1000 W, 1445 W. 


3.1 XRD observation 


Typical XRD spectrum of copper and copper casting is shown in Figures 3 and 4 respec- 
tively. Copper scrap’s XRD spectrum reveals the existence of the Cu (20; 43.29°, 50.43°, 
74.13°, 89.93°, 95.14°), CuO (20; 50.43°, 74.13°).Nearly 99% copper is present and oxides of 
copper are present in trace amount. The XRD spectrum of the copper casting indicate the 
presence of the Cu (26; 43.473°,50.674°,74.679°,90.998°), Cu,O(2 0; 43.473°), CuO (2 6; 
90.998°). The presence of copper oxides is in trace amount and its formation results from the 
oxidation process that occurs when copper melts. 
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Figure 3. Microwave processed copper scrap’s XRD spectrum. 
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Figure 4. XRD spectrum of copper casting. 


3.2 SEM and EDAX analysis 


Figure 5 illustrates the SEM image of the surface of the copper casting at 500X magnifica- 
tion. It detects the presence of trace amount of copper oxide on the surface. 
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Figure 5. SEM micrograph and EDAX of the microstructure of copper casting. 
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3.3 Observations on macrohardness and porosity 


ImageJ was used to analyse the casting’s porosity. The casting’s FE-SEM image reveals 3% 
porosity and the possibility of micropores on the surface as shown Figures 6 and 7.The 
homogeneous heating properties of microwave hybrid heating are attributed to this low 
porosity. 

A 1 kg load was used to measure the lead casting’s macrohardness, which was obtained 
using a microwave. The indentation was left open for 15 seconds. After measuring the dia- 
meters dl and d2, the arithmetic mean of those measurements was determined. Vickers test 
reported a final macro hardness of 47.84 Hv after five readings. 


Figure 6. The SEM micrograph of the copper casting revealing porosity on the surface. 


4 CONCLUSIONS 


The current study could lead to the following conclusions: 


(1) The workshop scrap can be microwave-treated successfully. 

(2) Because of volumetric heating, the castings obtained have better mechanical and 
metallurgical properties. 

(3) The porosity of the casting in copper casting is negligible. 

(4) Because the casting was processed under normal atmospheric conditions, there are traces 
of oxides present that are further controllable with vacuum or an inert medium. 

(5) There is no material waste during the process. The procedure is clean and risk-free. 

(6) Microwave processing uses less energy than traditional furnaces. 

(7) A high input power is advantageous for melting applications that require a short 
exposure time. 


Figure 7. Micrographs displaying Vicker’s indentations on copper surface. 


341 


REFERENCES 


[1] 


Agrawal, D. (ed.) (2006). Microwave sintering, brazing and melting of metallic materials. In Sohn 
International Symposium: Advanced Processing of Metals and Materials - Proceedings of the 
International Symposium (2006 TMS Fall Extraction and Processing Division: Sohn International 
Symposium; Vol. 4). Warrendale, PA: TMS. 

Bist, V., Sharma, A.K. and Kumar, P. (2014). Development and Microstructural Characterisations of 
Lead Casting Using Microwave Technology. i-Manager’s Journal on Mechanical Engineering, 4(4):6. 
Chandrasekaran, S., Basak, T., and Ramanathan, S. (2011). Experimental and theoretical investigation 
on microwave melting of metals. Journal of Materials Processing Technology, 211(3): 482-487. 

Clark, D. E., and Sutton, W. H. (1996). Microwave processing of materials. Annual Review of Materials 
Science 26(1): 299-331. 

Gouthama, T. R., Harisha, G., Manjunatha, Y. R., Kumara, S. M. M., Srinath, M. S., & Lingappa, M. 
S. 2016. Melting of tin using muffle furnace and microwave energy and its characterization. JOP 
Conference Series. Materials Science and Engineering 149, 012100 

Gupta, D., and Sharma, A. K. (2011). Development and microstructural characterization of microwave 
cladding on austenitic stainless steel. Surface & Coatings Technology/Surface and Coatings Technology 
205(21-22): 5147-5155. 

Mishra, R. R., and Sharma, A. K. (2016). A review of research trends in microwave processing of 
Metal-Based materials and opportunities in microwave metal casting. Critical Reviews in Solid State 
and Materials Sciencesl CRC Critical Reviews in Solid State and Materials Sciences 41(3): 217-255. 
Moore, A.F., Donald, E.S. and Marvin, S.M. (2003). Method and apparatus for melting metals. S 
Patent 20030089481. 

Oghbaei, M., and Mirzaee, O. (2010). Microwave versus conventional sintering: A review of funda- 
mentals, advantages and applications. Journal of Alloys and Compounds 494(1-2): 175-189. 

Roy, R., Agrawal, D., Cheng, J. and Gedevanishvili, S. (1999). Full sintering of powdered-metal bodies 
in a microwave field. Nature 399(6737): 668-670. 

Sharma, A. K., and Krishnamurthy, R. (2002). Microwave processing of sprayed alumina composite 
for enhanced performance. Journal of the European Ceramic Society 22(16): 2849-2860. 

Sharma, A. K., Aravindhan, S. and Krishnamurthy, R. (2001). Microwave glazing of alumina-titania 
ceramic composite coatings. Materials Letters 50(5-6): 295-301. 

Singh, S., Gupta, D. and Jain, V. (2016). Novel microwave composite casting process: Theory, feasi- 
bility and characterization Mater. Des. 111: 51-9 

Srinath, M. S., Sharma, A. K., and Kumar, P. (2011). Investigation on microstructural and mechanical 
properties of microwave processed dissimilar joints. Journal of Manufacturing Processes 13(2): 141-146. 
Thostenson, E. T., and Chou, T. (1999). Microwave processing: fundamentals and applications. 
Composites. Part a, Applied Science and Manufacturing 30(9): 1055-1071. 


342 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Development of smart environmental monitoring in nuclear power 
station using data fusion techniques 


V.R. Doifode 


Department of Electrical Engineering, Yeshwantrao Chavan College of Engineering, Nagpur, 
Maharashtra, India 


Ashok Kumar, R. 


Department of EEE, GRT Institute of Engineering and Technology, Tiruvallur, Srinivasapuram, 
Tamil Nadu, India 


M.A. Stephenraj 


Department of Electrical and Electronics Engineering, K S R Institute for Engineering and Technology, 
Tiruchengode, Namakkal, Tamilnadu, India 


B. Vishnu Vardhana Naidu 


Department. of Mechanical Engineering, Sree Vidyanikethan Engineering College, Mohan Babu 
University, Tirupati, Andhra Pradesh, India 


Chandradeep Bhatt 


Computer Science and Engineering, Graphic Era Hill University, Dehradun 
Adjunct Professor, Graphic Era Deemed to be University, Dehradun, Uttarakhand, India 


D. Deepa 
School of Civil Engineering, SASTRA Deemed to be University, Thanjavur, India 


ABSTRACT: This study investigates the potential pre-warning of critical component 
failures in power plants using machine learning algorithms, more specifically regarding 
feedwater pumps and diesel engines. There are several sensors (e.g. temperature, pressure 
and smoke) that check the operational environmental condition through an interconnected 
system for transporting data or materials (Hossain et al., 2015). In this study, four machine 
learning models (ANN,RNN, LR, NB) was trained with a significantly large dataset and 
performance metrics like recall, precision was measured. The authors concluded that such an 
approach needs to be tailored according to specific power plant situations. “We showed that 
although ANNs offered precise estimates, RNNs were time-critical, LR gave constant pre- 
diction results while NB predictions varied more than others.” * Model selection: select the 
suitable model in order to correctly predict failures and promote plant reliability. Scope: 
This research will be helpful in providing the ground study to machine learning for power 
sector operational excellence, conjure predictive maintenance scheduling and avoiding cat- 
astrophic failures from causing big ticket damages. 


Keywords: power plant, machine learning, predictive maintenance, failure prediction, 
sensordata. 


1 INTRODUCTION 


The study is limited to prediction of power plant faults using machine learning models for 
diesel engines and feedwater pumps only. As power plants become more complex, predictive 
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maintenance is an effective way to lower operational risk and ensure the continuous avail- 
ability of a reliable supply. Two ways are presented in which machine learning models are 
compared and evaluated to achieve performance excellence in the power sector concerning 
fault prediction. Indeed, even in power plants, the predictive maintenance has been adopted 
to avoid the maintenace cost and down time of plant where several approaches are covered 
as [1], [2],...[4]. The deployment of machine learning for predictive maintenance translates 
the traditional scheduled strategies into trend-based predicted ones [3], [5],[6]. (7), (8) and (9) 
achieved this in their operational data for component failure prediction using a combination 
of machine learning techniques including Recurrent Ne ural Networks(RNNs), logistic 
regression(LR), artificial neural networks(ANNs) and Naive Bayes(NBs). Preventive main- 
tenance and reliable sensor data collection and analysis is pertinent for predictive main- 
tenance of real-time monitoring of critical components [12], [13]. Despite all these 
advantages of predictive maintenance, it has several challenges. For instance, large training 
sets and data quality [12], [13]. In case study 14 and 15 in power plants, it shows an example 
of successfully using predictive maintenance that takes place one step further which is an 
implementation machine learning model into real-world cases [14][15]. Thus, the objective of 
this paper is to fill in that gap by looking into how well various types of machine learning 
models perform in predicting failures for particular electrical central sub-components when 
operating within power plant setups [1], [3], [4], [6]. 


2 METHODOLOGY 


To design an Internet of thing system for RealTime power consumption prediction in various 
distribution stations by using different sensors. The system architecture integrates sensors at 
different levels such as voltage, current, power quality (relays), smart meters and phasor 
measurement units. The data collected is then processed and analyzed by a microcontroller to 
realize power consumption monitoring, control the power flow direction, ensure the quality of 
power supply for safe and reliable operation. Building machine learning models on this col- 
lected data helps stakeholders to make highly accurate predictions about future energy 
demands given consumer consumption in historic years. Such prognostic functionalities are 
critical in evolving smart grid environments to schedule appropriate resources and guide 
optimal decisions. The system offers an integrated energy management solution combining 
machine learning and IoT technologies to better forecast demand, while supporting grid 
operators to diagnose and optimize the usage of sources of energyeffectively (Figure 1). 
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Figure 1. Process of execution. 
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2.1 Intelligent driver 


Smart controllers in nuclear data research help effectiveness of Computer operations 
implemented through intelligent algorithms to feed input and understand it thoroughly. 
These controllers are designed to help monitors understand and access nuclear data and 
ensure they can gain their science with harnessing insight into this difficult space. These 
controllers have a powerful architecture to interact with multiple sources of data and support 
you in analyzing the nuclear phenomena at root level.Different methods, also involving 
machine learning algorithms, are exploited by more experienced researchers to analyse the 
nuclear data and its patterns in the corresponding data sets. Control rules, some instances 
include the Bayesian framework are formulations of a mathematical model for data pro- 
cessing and used in various ways. These equations control data extraction optimization and 
make the extracted information more precise and reliable. Intelligent controllers can use 
these equations in a systematic way to extract value information from nuclear data, 
increasing every day the frontiers of our knowledge on nuclear research. 


2.2 Data acquisition system 


Successful nuclear data research project relies on the installation of advanced systems for data 
collection, which are essential to guarantee accurate and reliable acquisition inspection, and 
evaluation of data. The architecture of the system and its sensors, detectors and instruments 
are all symmetrically built from ground up to handle nuclear data. This system will provide 
better coordination and communication as a whole to connect to different computer models 
and test configurations. In particular, by relying on prototype design to integrate multiple data 
sources and flexible data extraction methods, the particle swar m optimization position iden- 
tification method is applicable to such huge(during nuclear tests and simulations)data content. 
Systematizing the workflow to analyze experience data. Through detectors and sensors that 
detect nuclear phenomena, as well as processing algorithms for real-time analysis of a large 
amount of data. Control equations are important in generating the best performance, and 
calibration equations are used to ensure consistent behavior during different experiments. 


2.3. Controller 


The presence of an administrator is essential for nuclear data research as it allows a valid 
experimental set-up prior to the collection of characteristic data. by using them in the con- 
troller design, and assembling the installation _and test configurations following computer 
models; data are gathered from sensors/meters or measuring devicesonitoring points. It 
continuously optimizes temperature or pressure, among other test parameters, based on a 
feedback loop that insures the highest data quality. Power equations obtained through the 
development of physics based models is used in power production are supported by control 
equation, such as P(t)=Kp. Therefore,the error code and income measures implement 
changes reactors’s context to power column. 


2.4 Intelligent monitor 


Sophisticated algorithms and artificial intelligence are also used in nuclear data research to 
analyse experimental setups. This will involve conducting daily audits of the data collection 
systems to verify that they are accurate, and identify any potential issues early on. The 
architecture depends on connecting the data acquisition systems with intelligent sensors 
where it can observe the data and detect patterns from these streams employing machine 
learning 20,21 algorithms all these activities are operated through specific control equations 
as well as statistical probabilities that could be calculated with respect to the deviation in 
measurement. Experienced analysts regularly conduct continuous analysis of the data, 
feeding analysis back in real-time to prevent a breakdown of an investigation. 
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2.4 Representation learning 


Creative expression learning is also employed in the field of nuclear data research to extract 
significant features from massive datasets. a representation learning architecture that makes 
use of nerual networks and deep learning, prompts the emergence of important patterns and 
information automatically, leading to a better understanding and analysis of data through 
the discovery of complex connections that other methods tend to fail at discovering, as well 
as making it possible to identify linear dependencies or non-linear ones. 


2.5 Other components 


Nuclear data research: A skilled team of data scientists, communicators and experienced lis- 
teners to unpack relevant collected information. It is vital to recognize sensitive listeners as 
observers, whereas passive observers can play a role in cue and communication channels during 
research. These components are architected in a way that they can handle data flows, process as 
required and pass the processed data to instructed targets over different communication pro- 
tocols. Data analysis is the process of deriving insights from large data sets through complex 
statistical methods, algorithms and machine learning techniques to build models that help in 
pattern identification among nuclear data. This interface ensures proper transfer of data and 
extraction of the critical data between complex date sets in nuclear research. 


3 MACHINE LEARNING APPRAOCH 


ANNS is an artificial form of the human brain, which utilizes layers or nodes and attempts 
to see patterns in a data set Given their strength on sequence data and capturing temporal 
dependencies, RNNs are perfect for studying the dynamics in time of nuclear processes. LR 
is a simple regression approach that widely used for predictive modeling in nuclear research 
and NB is specifically recommended based on the Bayesian probability theory of classifi- 
cation problems in nuclear data analysis. These techniques have shown considerable utility 
in uncovering hidden relationships and patterns within nuclear data, thus providing a 
valuable perspective for researchers. 


4 RESULT AND DISCUSSION 
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Figure 2. (A) Proposed analysis architecture. (B) Accuracy and precision. 


This study is to forecast power plant components failures, such as dieselengines and feedwater 
pumps and hence to avoid them. Sensors for temperature, pressure and fumes are placed 
around the plant to monitor equipment health. The information can also be transmitted to 
multiple controllers through an integrated data communication system to analyze and for 
real-time monitoring. “We train machine learning models in a large Dataset and use these to 
infer on the subtle changes in components, predicting future failures so we can attend them 
before they cause damages” As a result in this paper, four machine learning algorithms (i.e.) 
Artificial Neural Network (ANN), Recurrent Neural Network (RNN), Logistic Regression 
and NaiveBayes are compared to identify the prediction capability for failure rates. The high 
recall and high precision of the ANN model demonstrates its capacity for accurately 
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identifying true faults. In terms of precision, the RNN model scores slightly lower while it 
does best against recall. Logistic regression and Naive Bayes are also have good accuracy in 
predicting those failure rates. Table 1. Summary of the accuracy parameters for prediction of 
failure rates using each machine learning model on diesel engines and feedwater pumps ANN 
model will capture subtle varying in readings while RNN will be sensitive to sequential data 
trends The error rates predicted by Naive Bayes and logistic regression models are different 
ranges, showing the sensor input’s distinctive effect on them. In summary, this work sheds 
light on which ML algorithms perform better for predicting failures in power plant compo- 
nents. The strength of these methods under varying conditions and the weaknesses in case that 
different scenarios are taken into account can be compared so as to define an optimal way 
associated with certain prediction accuracy concerning plant performance. 


Table 1. Predicted failure. 


ANN Predicted RNN Predicted LR Predicted NB Predicted 


Reading Failure Rate (%) Failure Rate (%) Failure Rate (“%) Failure Rate (%) 
1 8.2 12.5 9.8 14.3 
2 TS 11.1 8.9 15.2 
3 8.9 13.2 9.5 13.7 
4 9.3 12.8 10.2 14.8 
5 7.8 11.5 9.1 15.9 
6 8.5 12.0 9.7 14.0 
7 9.1 13.8 10.5 13.3 
8 dd 11.9 9.3 15.6 
9 8.7 12.3 10.0 13.9 
10 9.0 13.5 9.4 14.5 
11 7.9 11.2 9.6 15.1 
12 8.3 12.6 9.2 14.6 
13 9.4 13.1 10.1 13.8 
14 8.8 12.7 9.9 14.2 
15 7.6 11.4 9.0 15.4 
16 8.1 12.2 9.3 14.7 
17 9.2 13.7 10.3 13.6 
18 8.6 11.8 9.8 14.4 
19 7.4 11.6 8.7 15.7 


20 8.4 12.4 10.2 14.9 


Table 1 provides a comparison of the failure rate predictions generated by each model for 
feed pump and engine failures. The ANN model showed the ability to detect subtle changes 
in readings, while the RNN model was sensitive to sequential dependencies. Naive Bayes 
had a wider range of predictions, and logistic regression produced results within a specific 
range. Variations in failure rate predictions highlight the unique characteristics of each 
model and their responses to sensor data, aiding in the selection of the most effective model 
for predicting failures in power plant components. 


5 CONCLUSION 


Our goal is to use sensor data and machine learning models to predict failures in power plant 
components so that we can prevent them. The smart sensors deployed throughout the plant 
gather data on fuel pumps and diesel engines. The data is sent to different smart devices for 
further processing. Real-time monitoring using our intelligent controllers and displays can 
quickly show any unusual behaviour that may signify a problem. To develop a model that 
encompasses machine learning as an extrapolative tool where the behaviour of the biggest 
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problem areas can be studied, and patterns extracted from models trained on this huge dataset 
may predict future failures.We reviewed four machine learning models: ANN, RNN, LR and 
NB. We compared them to determine which model is the most appropriate to predict failure 
with high accuracy Look at the accuracy, recall, precision, and F1 score of each model that 
was tested: * High recall and precision of the ANN model, * which is well-suited for time- 
series data with experienced sequential dependencies such as RNN model, Other models such 
as logistic regression and naive Bayes show more promising results, however each model has 
specific strength and weakness when it comes to predicting failure rates. 
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ABSTRACT: The study focuses on using machine learning techniques to diagnose diseases 
affecting wheat crops, with an emphasis on common diseases such as brown spot, powdery 
mildew, and Fusarium head blight. A dataset of 1,430 images of healthy and diseased wheat 
plants was created to train the machine learning models. The study compares the perfor- 
mance of Convolutional Neural Network (CNN), VGG-16, K-Nearest Neighbors (K NN), 
and Recurrent Neighbors (RNN) in distinguishing between healthy and diseased plants. The 
CNN model achieved the highest accuracy at 97.77%, followed by VGG-16 with 95.5% 
accuracy. The results demonstrate the potential of machine learning models in effectively 
identifying and diagnosing crop diseases. By integrating technology-driven image extraction 
methods with machine learning algorithms, the study contributes to advancing crop man- 
agement practices. The research has significance in enhancing agricultural productivity and 
ensuring food security in the global food chain. 


Keywords: wheat crop, disease identification, machine learning, CNN, VGG-16, KNN, 
RNN, feature extraction, color-based, texture-based, shape-based, size-based, symmetry- 
based, statistics, wavelet-based, agriculture, cropmanagement, foodsecurity 


1 INTRODUCTION 


The accurate identification and controlling of plant diseases is one of the biggest problems in 
agriculture for twenty-first century. However, the blending of technology and agriculture has 
enabled innovative aids that could change the course of crop management. randomGuy he 
said This study, which takes an in-depth approach related to scouting of a wheat plant 
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disease where fast response and accurate identification is needed for control purpose the 
usage of Machine learning algorithmic techniques [1,2]. For this research conducted in the 
bibliographic review, it was chosen to work mainly with wheat due to its character of staple 
plant in agriculture as well as food production worldwide. Ultimately, this will help in early 
detection of the diseases commonly happening to wheat crops which will Improve crop yield 
and global food security as well [3,4]. 

“The importance lies in the fact that wheat is one of the staples that feeds an increasingly 
hungry planet,” Simmonds said. However, several diseases greatly affect the grain quality and 
yield of this very essential crop such as rusts, fusartum head blight (FHB), powdery mildew, 
septoria leaf blotch, tan spot etc. [2] The traditional methods of diagnosing diseases are not 
accurate enough to give timely intervention. What makes this dynamic approach possible is 
the sheer capability of machine learning to process these large datasets quickly. Thus, the use 
of a robust dataset consisting of 1430 photos with an equal number of healthy and sick wheat 
plants was developed to train and validate ML algorithms in African biosafety [5-7]. 

To tackle the obstacles, this implementation investigates several machine learning models 
such as CNN VGG-16 KNN RNN for disease detection in wheat crops. To enhance models, 
these are various feature extraction methods like colour based method, texture based 
method,form base and size base symmetry related statistics wavelet analysis etc. The suc- 
cessful integration of these aspects leads to the development of new standards on crop 
management that result in long-term sustainability of agriculture, serving as a significant 
breakthrough regarding the adoption and utilization of advanced technologies in agriculture 
[8-10]. This detailed analysis on machine learning applications for wheat crop disease 
detection showcasing how technology could change the agriculture as well eliminates all the 
concerns regarding global food security. * More and more * => Recently, as in the last few 
years Researchers have used Machine learning extensively for a variety of problems which 
range from pest control, yield prediction to disease identification in crops. Machine learning 
models have presented their skill at accurate identification of illness and to improve the crop 
management practises regarding with wheat crops [11-13]. 

Wheat is one of the most important staples for food security, but this crop can be affected 
by multiple diseases which result in substantial yield deficit.. The most prevalent wheat 
diseases include Tan Spot, Fusarium Head Blight, Powdery Mildew, Septoria Leaf Blotch, 
as well as Rust Diseases [14 source ][15 source ]. “Given that conventional approaches for 
disease identification are slow and often unreliable, novel solutions need to be explored,” the 
report said. High-quality image datasets need to be prepared for the development of machine 
learning models to diagnose diseases accurately. Other researches have emphasized the need 
to work on balanced datasets that contains photos of plants with both healthy and disease 
states. Our study extends on this and presents a rigorously created dataset consisting of 1430 
images, creating essentially a fair chance at training machine learning algorithms. 

CNNs are a very useful method today for classifying images/objects. “ Such neural net- 
works may be especially useful for plant disease identification as they’re capable of capturing 
complex spatial features” Indeed previous work has shown CNNs* are able to be used for 
diagnosing a variety of crop diseases such as rust diseases and powdery mildew. VGG- 
16 model: One of the deep learning architectures which is very good at image classification. 
For example, as it VGG-16 was used to classify a lot of plant species diseases due to having 
sixteen weight layers as shown in [6] The deep architecture of the system is able to extract 
complex patterns and features from images, making it an ideal candidate for fine-grained 
discrimination necessary in the diagnosis of wheat diseases. [16-18] 

More simple models like KNN may be more real-time or close to real-time and are also 
good for general course purposes, but such Deep Learning Models will always win in the 
class of Image Classification. Why does KNN provide a reliable and effective algorithm for 
classifying an image, because it strictly believes in the metric of how similar input is to 
training data points. These findings corroborate previous works, which demonstrated the 
versatility of KNN throughout different agriculture-related applications [44]. To model the 
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progression over time of a particular disease, we need recurrences; nowadays, RNNs are 
most commonly used in handling data that is fed in sequences. They have helped researchers 
to understand the complexity of plant diseases and fluctuations that influence crop pro- 
ductivity. RNNs have been considered for analyzing the temporal disease progression in 
different kinds of crops[35]. Statistical, wavelet-based, Color based, Texture based, Shape- 
based and size based symmetry-based Statistical and other feature extraction techniques 
empower machine learning models to detect the subtle patterns that are disease-specific of 
images These techniques are critical to the field and offer a wealth of information for 
determining what illnesses one may have. 


2 METHODOLOGY 


The usage of machine learning to improve crop production will guarantee food security for 
all, which has become a hot topic in agricultural science and technology now. The purpose of 
this study is to assist the agricultural sector in recognizing and handling the diseases that 
impact wheat crops, which pose a significant issue. Wheat which is a food crop and it grown 
everywhere around the globe, many of these plant pathogenic infections lead to a reduction 
in grain quality and also cause great yield losses. The most common diseases of wheat plants 
include Tan Spot, Powdery Mildew, Septoria Leaf Blotch and Fusarium Head blight (FHB), 
Rust Diseases. The objective of this study is to develop a machine learning based approach 
that can be used for accurately diagnosing these diseases.Hence if detected early and accu- 
rately, leading to speedy treatment and pest management, then only the productivity of 
wheat crop can be enhanced. Therefore, I came up with a neat selection of ‘just’ 1430 photos 
to make this process easier. Thanks to the consistency of data, this dataset is distinctive in 
that it provides a comprehensive training and testing ground for machine learning models 
with an even distribution of healthy wheat plant’s and diseased ones. Use of images showing 
strong plants: Adding the images of healthy and robust plants is very important as it helps 
the models to distinguish between disease-affected wheat crop and well-growing crops, hence 
ensuring accurate and credible detection. This meticulously-curated dataset, created with 
diligence and attention-to-detail enables the proper application of machine learning techni- 
ques. In essence, this dataset of 1430 images in total shows the spectrum of a wheat crop 
operating within its natural dynamics from full life into disease. “It’s because this is a dataset 
that contains the sort of nuances and subtleties you'll see in real-life agricultural situations. 
None of it would be possible with so few images. Such machine learning models whose 
training can be molded on the way plant diseases sees development and changes in real-time 
demand a high level of fidelity. This might be a unique, innovative way of identifying plant 
diseases using machine learning. Generally, such traditional methods include manual 
inspections. Manual inspection is naturally one of the time-consuming processes and 
involves likelihood for human errors as well. On the other hand, machine learning algo- 
rithms can analyze large amounts of image data quickly and accurately. After all, the 
effectiveness of these algorithms ultimately depends on how well they’re trained—and this is 
what that training looks like. And that’s largely down to the rich tapestry of images showing 
both healthy and diseased wheat plants which means the algorithms can spot the telltale 
signs of disease, from rusty lesions of rust diseases to powdery growths in symptoms like 
those presented by powdery mildew. There are several advantages of using machine learning 
approaches for wheat crop management. It enables disease to be detected in the first place... 
Artemis helps them to quickly understand the problem, and respond appropriately at that 
stage of infection. “Furthermore, treatment measures applied on time will ensure that the 
crops receive no major damage and in cases when this is not possible they receive the max- 
imum yield and the grain quality available under these conditions.” These types of prob- 
ability predictions can also be performed by machine learning and used to prepare for 
disease outbreaks. For example, models that analyze historical and environmental data can 
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be used to predict when diseases will occur so treatment strategies can be better optimized or 
planting schedules altered. - Machine learning, using data to identify diseases impacting 
wheat crops. Is able to adapt and learn better with each year: Finally, the algorithms can be 
trained as new disease variants emerge and more data is available to improve them. “The key 
piece here is adaptive learning in a way agriculture has never seen before. We have the ability 
to be more dynamic and nimble than any other approach out there for disease manage- 
ment,” said Ms Marois(Figure 1). 


Feature 
extraction 


Machine learning 


| CNN KNN RNN | Vee 16 


a ee 


| Performance score and prediction 


Figure 1. Architecture of the proposed system. 


3 VARIOUS MACHINE LEANRING ALGORITHM USED IN THIS RESEARCH 


Our research employs four machine learning algorithms—CNN, KNN, RNN, and VGG- 
16—to detect wheat crop diseases. Each algorithm brings unique strengths to the task. 
CNNs excel in image recognition, extracting complex spatial features to identify diseases like 
Fusarium Head Blight and Powdery Mildew with high accuracy. KNN classifies diseases by 
comparing test images with a dataset, making it useful for quick, real-time decisions. RNNs 
handle sequential data, capturing temporal aspects of disease progression. VGG-16, with its 
deep convolutional architecture, effectively distinguishes between healthy and diseased 
plants by recognizing intricate patterns. By combining these techniques, our research 
enhances crop productivity and food security through accurate, timely disease detection. The 
various plant disease used in this research are shown in Figure 2. 


Rust diseases Septoria leaf Powdery 
blotch mildew 


Serre = 
blotch Tan spot 


Figure 2. Plant diseases. 
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4 FEATURE EXTRACTION 


In agricultural science, accurate diagnosis of plant diseases is vital for effective crop man- 
agement. Our research employs various feature extraction techniques combined with 
machine learning algorithms to identify wheat plant diseases. We use color-based features to 
detect changes in hue, saturation, and brightness indicative of diseases like rust and powdery 
mildew. Texture analysis, using methods like gabor filters and gray-level co-occurrence 
matrices (GLCM), identifies diseases based on surface patterns. Shape-based features ana- 
lyze the geometric characteristics of lesions and pustules, while size and symmetry mea- 
surements provide additional cues for disease severity and progression. Statistical features 
describe pixel intensity distributions, and wavelet-based features capture both local and 
global image details. Together, these techniques enhance the accuracy and effectiveness of 
disease detection models 


5 RESULT AND DISCUSSION 


Our study identified the Convolutional Neural Network (CNN) as the most effective model 
for detecting wheat plant diseases, achieving a remarkable 97.77% accuracy. This success is 
attributed to its ability to capture complex spatial features, color, and texture patterns. 
VGG-16 also performed well with a 95.5% accuracy, leveraging its deep architecture to 
understand intricate disease patterns. Although K-Nearest Neighbours (KNN) and 
Recurrent Neural Network (RNN) showed slightly lower accuracies of 93.4% and 91.1% 
respectively, they provided valuable real-time and temporal insights. Overall, these machine 
learning models significantly enhance disease detection, improving crop management and 
food security(Figure 3). 
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Figure 3. Accuracy of the proposed machine learning approach. 


Table 1. Performance score. 


ML model Precision (%) Recall (%) F1 Score (%) Accuracy (%) 
CNN 97.8 98.2 98 97.77 

VGG 16 95.55 96 95.7 95.5 

KNN 93.4 93.6 93.5 93.4 

RNN 91.1 91.5 91.3 91.1 


6 CONCLUSION 
In conclusion, it can be stated that this research represents a significant breakthrough in the 


field of agriculture as a whole and wheat diseases, more particularly. Machine learning 
techniques such as VGG-16, CNN, KNN and RNN found to be playing an important role 
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in the improvement of wheat variety most importantly wheat diseases classifiers. CNN- 
based models, with an accuracy rate of 97.77% achieved by CNN and second to that, proved 
to be a robust alternative for efficient and accurate detection of diseases - necessary for 
minimizing the crop loss and achieving maximum yield. “The results show that compre- 
hensive feature extraction methods, which combine statistical data as well as color texture 
and shape, will increase the accuracy of the model.” “Our research is leading the way in 
terms of enhancing global food security by developing new ways experts can become 
involved in sustainable agriculture through utilizing these emerging technologies,” she said. 
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ABSTRACT: The combination of cloud computing, machine learning, and the internet of 
things has created smart agriculture a possible answer to current agricultural issues. This 
study investigates how the aforementioned technologies affect agriculture, with an emphasis 
on enhanced agricultural productivity, sustainability, and resource control. IoT sensors in 
the smart farm detect environmental conditions and soil moisture in real time, as well as the 
plant’s health. Large-scale IoT data enables machine learning algorithms to do predictive 
analytics in pest management, disease diagnosis, water application, and other fields. Cloud 
technologies allow for centralized processing, analysis, and storage, as well as collaboration 
with partners and the farm. Farmers may take use of the cloud’s scalability and flexibility to 
produce more with less. Cutting-edge agriculture allows for greater inventiveness and 
adaptable cultivation solutions, but innovative new solutions are also required to solve gaps 
in rural growth, food security, and food security. Farms grow smarter with the help of IoT- 
driven gadgets and sensors, allowing for more efficient management and troop administra- 
tion. Based on current historical data, machine learning will assist in carrying out the study 
particular to planting time and the finest agricultural items to cultivate. The solutions, which 
are based on cloud technology, would allow diverse stakeholders to interact and exchange 
data, modernizing the supply chain and farmers’ market access. The integration of IoT, 
Amazon Web Services, and machine intelligence heralds the start of an information-based 
farming era that will transform the sector. Smart farming not only improves output and 
sustainability, but it also addresses fundamental issues, resulting in a more stable and potent 
agricultural environment. 


Keywords: Cloud computing, Machine Learning, Internet of Things (IOT) technologies, 
Remote Agriculture Management, Climate change Adaption 


1 INTRODUCTION 


A new era known as “smart agriculture” has emerged as a result of the convergence of 
current trends and innovations, most notably machine learning (ML), the Internet of Things, 
and cloud computing. Utilizing data-driven approaches, smart agricultural facilities raise the 
bar for environmental sustainability, resource management, and productivity. As their name 
suggests, smart facilities confront the status quo head-on when they use data and digital 
technology to solve persistent industrial problems. Notwithstanding the perception of 
farmers as “smart people” that has persisted throughout history, new digital developments of 
the twenty-first century have revealed an underutilized toolkit of relevant technology, 
including automation, intelligent sensors, and innovative information analysis frameworks. 
Agriculture is now utilizing machine learning in conjunction with other networking tech- 
nologies like the cloud and the internet of things. Using automated decision-making, 
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forecasting, and real-time on-field monitoring to eliminate waste, smart agriculture makes 
sure that the cost of each input source—such as water, fertilizer, and pesticides—increases. 
Throughout the whole cycle, the farmer’s machine learning algorithms also supply the data 
required for making decisions about crop health, soil characteristics, and variations in the 
real weather. Real-time environmental data from IoT devices gives farmers the ability to 
monitor and manage larger regions and yields than they could previously. In conclusion, 
cloud computing has made smart agriculture possible by offering the processing power and 
storage to manage the massive volumes of data associated with agriculture Decisions based 
on the findings of analytical and empirical study may be made and information can be 
shared thanks to cloud-based technology. Intelligent farming has the potential to improve 
food production and resource efficiency while also addressing other societal issues such as 
food security, equality, and rural development. This command and control brotherhood 
gives smart agriculture the power to build resilient food systems that benefit both the 
environment and everyone. These systems’ full potential is being driven by technologies like 
machine learning, IoT, cloud computing, and others. Consequently, the way we get and 
distribute food is revolutionized by smart agriculture. This creative technique can help 
farmers maximize agricultural productivity while protecting resources and reducing their 
negative effects on the environment. They may also assist in resolving broader socio- 
economic challenges such as food security and rural development. However, fulfilling the 
potential of smart agriculture would need the collaboration of policymakers, researchers, 
industry stakeholders, and agricultural practitioners. 


2 LITERATURE SURVEY 


Palermo reviewed the findings of his survey concerning the use of LoRa as a technology in 
smart agriculture, the potential expected, and the problems faced. Furthermore, he defined 
in his work four reference scenarios for LoRa in agriculture that arise in the findings. 
Overall, these presented the areas whereby broad network coverage, cheap cost, and low 
power consumption made LoRa appropriate for agricultural use.[1] 

The issues of sustainability in agri-food systems were examined by Ahmad Ali Alzubi and 
Kalda Galyna (2022) in order to determine how employing IoT technology may lead to the 
achievement of social, environmental, and economic sustainability goals. Concerning the 
drawbacks of “non-technological” agriculture and other, better developed AI creation 
models.[2] 

The conventional farm-to-farm constraint and compared AI production models with 
common farm-to-farm,” was the topic of Nayeli Montalvo-Romero’s 2020 study. Five 
fundamental advancements in the AI framework were selected for integration: “drones, 
algorithms, DSS, sensors, and Arduino.” It was asserted that improvements were necessary 
for yields, agricultural expansion, insect agriculture, and effective resource use.[3] 

Prithvi Krishna (2023) discussed a wireless charging solution for energy-constrained 
devices in smart agriculture. The goal is to improve bidirectional wireless charging, path 
planning, and system efficiency .[4] 

Wei Zhao (2020) proposes a ground-level mapping and navigation system for autono- 
mous agricultural systems that makes use of computer vision technologies and the Internet 
of Things. It tackles the issue of effective mapping, localization, and navigation in agri- 
cultural contexts.[5] 

Sathoshi Yamazaki (2023) introduces an experimental approximation formula for battery 
lifespan in Sigfox nodes used in outdoor smart agricultural applications. The authors created 
a Sigfox-based sensor node and carried out field tests to assess transmission performance and 
energy usage.[6] 
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MD. Najmul Mowla (2023) discusses wireless network protocols, problems, and concerns 
with IoT-WSNs in agriculture, AI-based technologies in smart agriculture, precision agri- 
cultural systems, and IoT applications in irrigation and crop monitoring.[7] 

Sameer Qazi (2022) examined Smart Agriculture Systems (SAS) and their ability to handle 
difficulties in the agriculture business. It emphasizes SAS’s role in addressing global food and 
water needs, as well as the necessity of sustainable methods. Key components mentioned 
include IoT technology, wireless sensor networks, smart irrigation, and unmanned aerial 
vehicles.[8] 

Jeonghyeon Pak (2022) examines path planning algorithms for smart farms, concentrating 
on global path planners such as Dijkstra, A RRT, and RRT Field tests assess the perfor- 
mance of these algorithms in contexts with both static and dynamic obstacles.[9] 

LU Wang (2021) introduces a system that uses blockchain technology and smart contracts 
to track and trace the workflow of agricultural food supply chains. The framework seeks to 
solve challenges such as communication breakdowns, data mistrust, and centralized systems 
in existing supply chains.[10] 

Syeda Iqra Hassan (2021) examines the significance of automation and control tactics in 
agriculture, focusing on the usage of technologies such as IoT, aerial images, multispectral 
imaging, machine learning, and artificial intelligence.[11] 

Hatem A Alharbi (2021) presents an integrated edge-fog-cloud architecture for smart 
agriculture systems. The design intends to minimize energy usage and carbon emissions by 
optimising the deployment of IoT farm applications across many levels. Optimization is 
achieved by mathematical modeling and a heuristic algorithm.[12] 

ET-Taibi Bouali (2021) describes an open-source smart agricultural system that optimizes 
resources and increases crop production. The system is made up of Smart Water Metering, 
Renewable Energy Integration, and Smart Irrigation components that use wireless sensors, a 
cloud based IoT platform, and fuzzy logic control.[13] 

Zeynep Unal (2020) listed a number of uses, including weed identification, smart irriga- 
tion, precision animal husbandry, plant categorization, and disease detection. China is the 
country that contributes the most and in the main. The top journal is called Computers and 
Electronics in Agriculture.[14] 

The use of IoT in agriculture is examined by Vippon Preet kour (2020), and the advances 
include crop monitoring, farm management, irrigation, and disease detection, among other 
uses. The study concurs that the application of IoT in agriculture is crucial and that, by 
enabling improved decision-making, it has the ability to transform the agricultural sector 
and increase productivity.[15] 


3 OBSERVATIONS 


e Researchers and farmers are finding that IoT technologies are becoming more and more 
popular, which points to a developing trend toward the adoption of the tech-enabled 
agricultural paradigm. Considering how widely used this technology is becoming. 

e In response to this innovation paradigm, it is crucial that farmers not only acknowledge 
the need for new agricultural techniques but also develop greater proficiency and 
experience with them over time. The usage of Internet of Things technology is completely 
in line with this trend, since farmers may always be able to monitor and manage their 
farms from a distance. 

e Agronomists frequently employ machine learning algorithms to anticipate future issues 
based on historical weather data and steer clear of them the following time to maximize 
practical yield. 

e The model is used to maximize agricultural productivity in addition to identifying chal- 
lenges and limiting future opportunities. It is advised to utilize adaptable and 
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development-friendly customized machine learning approaches to apply context-specific 
risk and benefit in varying agricultural groupings. 

e Cloud-based solutions facilitate data integration and sharing across the many players in 
the agricultural sector. Among the most well-known participants on these forums are 
farmers, scientists, agronomists, and legislators. In order to address some of agriculture’s 
most challenging problems, our alliance promotes a culture of invention, learning, and 
teamwork. Cloud-based solutions do not require high-capital equipment. 

e Cloud-based solutions provide farmers a more affordable alternative to hosting their 
infrastructure on-site since they eliminate the need for them to make such a huge upfront 
investment in hardware. Pay-as-you-use options enable farmers to adjust resources in 
accordance with crop requirements, allowing them to maximize resource use and ensure 
optimal operational efficiency. IoT and edge computing are both enhanced by cloud 
computing. 


4 CONCLUSION 


In the context of smart agriculture, MATLAB may integrate IoT, cloud, and machine 
learning technologies that have the potential to alter agricultural practices. Modern farmers 
may obtain useful information on increasing agricultural yields, enhancing resource effi- 
ciency, and fostering sustainability, among other subjects, through real-time monitoring, 
data analysis, and prediction. To make sure that the optimal choices are made in crucial 
areas like crop health, pest management, fertilization, and irrigation, machine learning 
algorithms are used. Lower input costs, higher manufacturing quality, and fewer pollutants 
are the end results. Furthermore, with quick processing speed, flexible storage for large-scale 
agricultural data, and adaptive computing capacity, cloud computing infrastructure facil- 
itates quick data processing, analysis, and sharing among several stakeholders. Also, it is 
simple to recognize possible risks and possibilities long before they materialize thanks to the 
use of machine learning algorithms in intelligent systems. Prediction accuracy in this instance 
is noticeably high. In fact, Ell it indicate that these algorithms, which analyze past data and 
get real-time direct input from the sensors, can reliably forecast changes in agricultural 
production, crop disease prevalence, and weather conditions. In exchange, farmers get pre- 
cise situational awareness and early warnings, enabling them to take quick action and 
maximize resource use. Because operations are coordinated, smart systems are also eco- 
nomical. Consequently, farms become self-sufficient thanks to IoT sensors and machine 
learning algorithms, which also lower labor expenses and improve output. Moreover, cloud- 
based platforms support cooperative work and knowledge sharing between farmers, spe- 
cialists, and academicians to promote creativity and ongoing development of farming 
operations. Therefore, the use of smart agricultural systems has the potential to mitigate the 
challenges associated with population expansion, resource scarcity, and climate change in 
modern agriculture. Farmers may implement sustainable and responsive agricultural prac- 
tices and guarantee future generations’ access to food by incorporating technologies. 
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ABSTRACT: Machine learning performance depends on capsule network hyperparameter 
configuration, which the Genetic Hyper-parameter Rice Optimisation (GHPRO) method 
handles. Traditional hyperparameter adjustment is challenging, thus swarm intelligence and 
evolutionary computation algorithms were investigated. These approaches often become 
stuck in local optima due to random search methodologies. Inspired by China’s three-line 
hybrid rice breeding process, GHPRO uses genetic search and hybrid rice optimisation. The 
hybridization and probability search methods in this unique method increase the primary 
HPRO. GHPRO is assessed using thirteen benchmark functions to optimise capsule net- 
works trained on MNISTs, Chest X-Ray (COVID-19 & pneumonia) database. 
Experimental results show how successfully GHPRO optimises capsule network hyper- 
parameters. By drastically boosting capsule network picture categorization performance, the 
technique shows its potential to improve machine learning models in numerous applications. 


Keywords: Genetic Algorithm, Capsule Network, Hyperparameter Optimisation, Image 
Classification, Machine Learning, Evolutionary Computation 


1 INTRODUCTION 


The internet and information technology’s rapid expansion have made images a significant 
production factor in the big data era [1]. Machine learning algorithms, which can intelli- 
gently analyse enormous volumes of data, have been used to classify images into specified 
categories. Image categorization approaches fall into two categories: MLs and DLs. 
Traditional approaches like SVM [2] coexist with deep learning methods like transformers, 
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CNN, and CapsNet [3]. Convolution and capsule structures form CapsNet, a novel neural 
network. It performed better in some tasks [4-7]. CapsNet captures feature orientation and 
other rich information because to its vector-based output and complicated structural 
hyperparameters. Optimisation is needed to balance convergence speed, accuracy, training 
duration, and computing costs for CapsNet. Evolutionary methods solve combinatorial 
problems. These methods optimise CNN and CapsNet hyperparameters. Due to CapsNet’s 
long image classification training period, a rapid convergence and good search performance 
optimisation technique is necessary. Using fast convergence and minimal computing cost, 
the Hybrid Rice Optimisation (HRO) algorithm [8] maintains population variability. HRO 
is still hampered by random local optima despite its usefulness in certain fields. The GHPRO 
algorithm and genetic search improve HPRO in this study. Improved global search and local 
optima resolution make GHPRO an excellent CapsNet hyperparameter optimisation tool. 
To improve HRO’s global search capabilities, we added a mutation rate and genetic search 
methodforthemaintainerline. To preserve population variety, a hybridization probability 
was added to the restorer line to accept poor solutions. GHPRO optimises CapsNet 
hyperparameters such as kernel size, stride, number of convolutional kernels, optimizer, 
routing durations, capsule diameter, activation function, and more. GHPRO optimises 
hyperparameters for high-performance CapsNet models. 


2 RELATED WORKS 


Regular hyperparameter optimisation approaches can struggle to solve combinatorial opti- 
misation issues in high-dimensional domains. Luckily, swarm intelligence and evolutionary 
computation methods work. For hyperparameter optimisation, Guo et al. [8] used GAs with 
TSs. They outperformed RSs and BOs in studies with hybrid methods. Simulated annealing 
(SA) helped Mahareek et al. [9] improve their student performance prediction model. CNN 
hyperparameter optimisation employing particle swarm optimisation improved hydraulic 
piston pump problem diagnosis [10] and speech recognition [11]. Xiao et al. [12] recommended 
variable-length GA to automate CNN hyperparameter optimisation for photo categorization. 
Arabic sentiment analysis improved greatly when Elgeldawi et al. [13] used PSO and GA to 
fine-tune hyperparameters. The Alzheimer’s diagnostic brain dataset performed 11.73% better 
when Lee et al [14] optimised deep learning model hyperparameters using GA. 
Backpropagation neural networks were optimised for milling tool wear prediction by Meng 
et al[15] usingGSA. Although this method worked best, it had faults. South African and 
Democratic encryption algorithms converge slower and are more variable-prone. Despite fast 
convergence, GA, TS, and CS struggle to escape local optimal findings and find universal 
optimal alternatives. Further research is being done to optimise machine learning model 
hyperparameters. Due of its fast search and convergence, GHPRO appears promising. 


3 PROPOSED CAPSULE NETWORK OPTIMIZATION 


Although CapsNet has showed potential in various applications, several hyperparameters 
must be manually modified. An autonomous optimizer based on GHPRO reduces human 
adjustment. In the following part, HPRO’s use with genetic search and hybridization is 
detailed, along with the improved CapsNet hyperparameter tuning approach. GA uses 
variation, crossover, and selection operators to imitate biological evolution, making it a 
powerful global search tool. GA’s innate randomness makes it hard to precisely investigate 
workable solutions, which could lead to local optima. HPRO classifies the population as 
sterile, restorer, or maintenance based on fitness. The maintenance line remains stable, while 
the sterile line interbreeds to produce sterile offspring. The renewal fit of swarm intelligence 
allows it to increasingly depend on the current optimizer while avoiding local optima. Later, 
the lack of maintenance line operators weakens HPRO’s global search capabilities. The 
restorer line’s self-crossing operator limits population diversity, causing early convergence 
due to local optima, a common pattern in evolutionary computation. The aforesaid GA and 
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HPRO issues can be addressed by GHPRO. GHPRO intended to incorporate genetic search 
and hybridization tactics into HPRO to ensure population diversity and prevent premature 
hybridization. Figure 1 depicts GHPRO’s core method. These genetic search methods boost 
HRO’s algorithmic exploration and ability to escape local optima. Equation (1) describes 
genetic search. Individual newly entered with d dimension. Same for equation | maximum 
and minimum ranges. Along with mutation, GHPRO uses HRs to occasionally use inade- 
quate sterile methods. Integration boosts population diversity. Each populated member 
receives a random number between 0 and 1 before mutations and hybridizations. MR-below 
numbers indicate mutation. Hybridization occurs below HR. 


3.1 GHPRO strategy 
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Figure 1. Taxonomy of GHPRO algorithm. 


GHPRO-CapsNet finds the optimum CapsNet hyperparameters to overcome the challenge 
of contributing. The reconfiguration network, capsule structure, and convolution layers 
make up a standard CapsNet. Complexity requires more time and space. Model training 
parameters like weight, bias, and coupling coefficient must be modified during training. 
Additionally, model hyperparameters must be defined. Convolution, capsule layer channel, 
and routing iteration parameters. Model hyperparameter changes affect CapsNet’s structure 
and picture categorization accuracy. Thus, CapsNet hyperparameter optimisation is crucial. 
Previous research have shown how model hyperparameters as batch size, CNN number, and 
selection active affect CapsNet performance. Batch size impacts computing speed; larger 
batches compute faster but may lose accuracy. Convolutional kernels move over images in 
specified directions to build capsule structures and extract features in CapsNet. More feature 
maps improve network prediction but raise computing costs. This erroneous decision can 
cause gradient disappearance, delayed convergence, or higher computing expenses. 
Commonly, shallow convolutions struggle with complicated visual feature extraction. 
Dynamic routing algorithm modifications of unclear features often result in poor categor- 
ization. ResNet-50, a CNN model known for feature extraction, supports picture feature 
extraction. It makes sense to base CapsNet on ResNet-50. The GHPRO method uses 12 
population members, 30 iterations, and 14 dimensions. Execute the algorithm ten times 
independently. Currently, 12x30x10 CapsNet setups require approval. GRO-CapsNet 
permits 20 self-crossings. Testing and experience identified the hyperparameters in Table 1 
for optimisation. In this context, P is the Primary-Caps layer, F the FC layer, and C the 
initial convolution layer. Figure | shows the structure of GHPROCapsNet, showing how 
hyperparameter adjustments can create several CapsNet setups. Algorithm | shows genetic 
hybridization optimising rice capsule networking pseudo-code. 
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Algorithms 1 GPHRO procedure 


(1) Initialization: 
Create a group of individuals, each with 14 randomly chosen settings (from a pro- 
vided table). 
Optimization Loop: 
(2) While the number of iterations is less than a maximum limit: 
(3) Train each CapsNet in the given dataset and sort individuals into groups based on how 
well they perform. 
(4) For individuals in the less successful group: 
Sometimes change their settings slightly, or keep them as they are based on a random 
decision. 
(5) For individuals in the more successful group: 
Sometimes change their settings slightly, or keep them as they are based on a random 
decision. 
(6) For other individuals: 
(7) Check if they need to change their settings a little based on how well they’ve been doing. 
If they do, make slight changes. If not, keep their settings as they are. 
(8) Update the individuals’ settings based on the changes made. 
(9) Evaluate how well these new settings work for CapsNet. 
(10) Keep track of the best set of settings found so far. 
(11) Move to the next iteration. 
(12) Optimization Result. 


The best set of settings discovered during the process is the optimal combination for 
CapsNet. 


4 EXPERIMENTAL RESULTS 


Using ten distinct trial sets, we performed a complete statistical analysis. We wanted to 
calculate these groups’ average accuracy. The main goal was to determine ideal hyperpara- 
meters using HRO-CapsNet and GRO-CapsNet. These hyperparameters helped develop 
efficient CapsNet models for MNISTs, Chest X-ray (COVID-19 & Pneumonia), and three 
databases.We evaluated the strategy using dataset-specific measures. MNIST was evaluated 
only on classification accuracy. With confusion matrix, precision average accuracy, 
F1 measure, and recall, other datasets were evaluated more thoroughly. 


Table 1. Computation of testing approach. 


Dataset Model Precisions Recalls F1-Measure 

Pneumonia CapsNet 95.17% 94.44% 94.80% 
HRO-CapsNet 94.89% 96.49% 95.68% 
GHPRO-CapsNet 99.74% 99.74% 99.74% 

COVID-19& Pneumonia CapsNet 95.04% 94.95% 94.99% 
HRO-CapsNet 96.43% 96.61% 96.52% 
GHPRO-CapsNet 97.73% 97.74% 97.73% 
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Table 2. Accuracy computation. 


Dataset Model Accuracy 
MNIST ResNet-50 99.56% 
CapsNet 99.20% 
HRO-CapsNet 99.32% 
GHPRO-CapsNet 99.73% 
Pneumonia MDEV 92.15% 
CapsNet 94.44% 
HRO-CapsNet 96.49% 
GHPRO-CapsNet 99.74% 
COVID-19&Pneumonia DCNN 94.75% 
CapsNet 94.95% 
HRO-CapsNet 96.43% 
GHPRO-CapsNet 97.75% 
4.1 Terms of performance 
Figure 2 (a-f) shows the terms of performance. 
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Figure 2. (a-f) Terms of performance. 
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5 CONCLUSION 


The study developed a feature classification model using the GHPRO method to find the 
best CapsNet superpoints. GHPRO converted CapsNet hyperparameters to numerical 
parameters for combinatorial optimization. Genetic search methods were used in GHPRO 
to balance local and global search performance and improve efficiency. Test results on 13 
benchmark tasks showed GHPRO’s ability to handle complex solution spaces. GHPRO was 
used to find the best CapsNet model for MNIST, COVID-19, and pneumonia datasets, with 
accuracies of 99.73%, 99.74%, and 97.75% respectively. The new CapsNet structure out- 
performed the original CapsNet in all three datasets, showing potential for robust and 
automated CapsNet extrapolations. Future studies will use GHPRO to optimize other 
machine learning networks. 
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ABSTRACT: Implementation of smart irrigation System using IoT, Raspberry — Pi and 
sensors for real-time data collection from fields Machine learning (CNN, RNN, ANN) 
models predict motor activation and optimize water usage to a great extent in predicting 
with very high accuracy of (CNN: 95.5%, ANN: 92.3%, RNN: 93.4%) ° Integrated cloud 
technology: When remote/cloud technologies are incorporated, we can monitor remotely 
and store our historical readings in the monitoring system itself. This study highlighted the 
possibilities of integrated systems towards sustainable agriculture, crop health and resource 
optimization as prospects possible by combining IoT with machine learning and cloud sto- 
rage keeping in view ever changing agricultural techniques. 


Keywords: Precision agriculture, smart irrigation, IoT, machine learning, environmental 
sensors, crop cultivation, CNN, ANN, SVM, RF, crop yield 


1 INTRODUCTION 


The goal of the research was to design a dependable system enabling early detection and 
reporting of a forest fire using IoT. The IoT-based environmental sensors, i.e. temperature, 
pressure, humidity, gas, smoke, and smoke particles, were strategically placed in the forest. 
The sensors transmitted the observed data wirelessly and, in real-time, to the central micro- 
controller unit, which analyzed it. The fire detection algorithm was continually analyzing 
environmental data, and any sign of forest fire prompted the system to activate a water pump 
and simultaneously, an alarm to inform the authorities and attempt to get the fire under 
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control. The use of a pump and alarm simultaneously reduced the spread of the fire. In other 
words, the design aimed to guarantee that wildfires were keeping under control. A multi- 
dimensional alarm system that included visual, auditory alarms, and real-time reports to the 
distant stations and the fire department ensured that the right measures were taken promptly. 
The wireless network was critical for the functioning of the system as it allowed information 
transfer between sensors, central unit and alarms. The extensive testing and calibration were 
instrumental to guarantee that the system would be functional and accurate in various fire 
scenarios. The power management system ensured efficient power consumption and high 
reliability in the forest environment. Generally, the developed system aimed to guarantee that 
less forest would be destroyed as a result of high efficiency in timely action against wildfires. 


2 METHODOLOGY 


Since tomatoes are so important to what we eat, it’s critical that plant diseases be found early 
before they affect the harvest yield. This study utilized machine learning algorithms such as 
Inception V3, InceptionResNet V2, MobileNet V2 and Efficient Net 80 to investigate six 
frequent diseases in the tomato plant. We decided to create a dataset of 1020 images for 
training and validation the machine learning based models. The dataset used 80% for 
training and the remaining 20%to test the performance of model. Ultimately, using the 
capabilities of these machine learning models on tomato plants will help to increase both 
yield and food safety from infected produce. The study presents the prospects of machine 
learning in agriculture and provides feasible solutions to control the disease in tomatoes. 


3 DISEASE USED IN THIS ANALYSIS 


Figure | provides an illustrative representation of the various diseases that have been the 
focus of our research. These diseases include Fusarium wilt, Septoria leaf spot, Bacterial 
spot, Early and Late Blight, and Tomato Mosaic Virus. Every disease has distinct visual 
features and symptoms that are necessary for an accurate identification and diagnosis. The 
dataset used in the study, which includes images of these conditions, enables machine 
learning models to recognise and differentiate between them with accuracy. 


— i 


Figure 1. Sample diseased leaf used in this research. 


3.1 Early blight 


Early blight on tomato plants is caused by the fungus Alternaria solani. This pathogen 
thrives with warm, humid summers and can persist to infect future tomatoes At first infec- 
tion manifests as circular, grey lesions with concentric rings on lower leaves that lead to 
wilting and necrosis. This severely reduced photosynthesis leads to less fruit being produced. 
Control — rotations of crops, pruning, fungicides. 
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3.2 Late blight 


The oomycete pathogen Phytophthora infestans, cause of “Late Blight” that led to the 19th 
century Irish Potato Famine ,and which also infects tomatoes Symptoms: The brown to dark 
green and rapidly expanding water-soaked spots can grow together into large irregular dead 
areas. During cool, moist conditions large, fuzzy grayish white spore masses can be observed 
in the centers of these lesions. This disease can ravage a crop in a matter of days 
Control_methods are therefore based on the use of resistant tomato varieties and applying 
fungicide treatments at appropriate times. 


3.3 Septoria leaf spot 


Septoria Leaf Spot disease is common in tomato. Symptoms: Small, round lesions with dark 
centers and lighter edges, start on lower leaves and progress upwards. Unlike many other 
fungal diseases, it lacks any spore producing structures. In some severe cases, these leaves 
can completely defoliate plants affecting the photosynthesis process. Disease control 
Management: Pruning, fungicide application, cropping pattering and disease/race resistance 
varieties. 


3.4 Bacterial spot 


Xanthomonas campestris causes Bacterial Spot, a pathogen that impacts both tomato leaves 
and fruits, resulting in elevated lesions on fruit and dark oily fruit spots with yellow halos 
surrounding them. it causes fruit quality to decrease and spreads rapidly through contact or 
raindrop splashing, however it is managed with copper-based sprays. preventives include 
avoiding the overhead irrigation and plant hygiene. 


3.5 Fusarium disease 


Fusarium wilt, a vascular wilt disease caused by a soil-dwelling fungus Fusarium oxysporum 
primarily affects tomato plants. The moment an infection appears, the lower leaves will wilt 
and turn yellow. Preventive measures such as crop rotation, resistant tomato varieties, and 
soil sterilisation are often recommended to control this disease. 


3.6 Mosaic virus 


The primary targets of the Tomato Mosaic Virus (ToMV) are the leaves and fruit of tomato 
plants. Plants infected with the virus will have leaves that curl, distort, and turn yellow in 
patterns resembling mosaics. Managing this disease requires using seedlings free of disease 
and upholding field hygiene. 


4 VARIOUS MACHINE LEANRING ALGORITHM USED IN THIS RESEARCH 


4.1 Inception V3 


Inception V3 has intricate inception modules making it one of the most powerful CNN 
architectures (developed by Google) with multi-scale feature capturing which is very useful 
for fine-grained tasks such as plant diseases diagnosis. Advanced regularisation strategies 
like batch-norm can help to improve generalization and robustness while training. The 
depth architecture and extracting feature property of the proposed model increased the 
performance and accuracy in classifying tomato plant diseases which help in accurate 
diagnosis. 
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4.2 InceptionResNet V2 


ResNet V2, A Inception + ResNet based hybrid architecture by Google is used as the 
baseline model for study on tomato plant disease detection. [1] The deep architecture of the 
network and its multi-scale feature extraction ability allow for highly accurate classification 
of diseases. The ResNet V2’s novel residual connections confront the vital vanishing gra- 
dient problems thereby decisive for accurate identification of minor differences in between 
plant leaf images. 


4.3 MobileNet V2 


MobileNet V2 is one of the most efficient and lightweight modular for tomato plant leaf 
disease detection, which really helps to make our research possible. Due to its heavy reliance 
on optimization of computation, FR-CNN only fits for real-time applications and low- 
resource scenarios. Using depthwise separable convolutions, MobileNet V2 provides high 
accuracy in disease recognition while ensuring efficiency crucial for early disease monitoring 
and crop management. 


4.4 ConvNets 


Our reseach used these CNNs were essential in allowing us to accurately identify and diag- 
nose tomato plant leaf diseases using sophisticated image analysis. Deep learning models, 
which achieve state-of-the-art performance in image recognition as well as computer vision 
tasks use learnable filters on convolutional layers to detect the local feature and patterns. 
CNNs not only automatically learn the features from images but also reduce the working 
effort in manually finding and analyzing relevant image-based phenotypes, which is essential 
for accurate disease detection concerning pattern recognition of visual information. The 
efficiency in processing, using weight sharing and convolution operation to make the model 
robust with small parameters. In conclusion, CNNs have transformed many areas such as 
medical imaging and agriculture via supervised learning providing a pathway to transfor- 
mative deep learning capabilities in computer vision and disease diagnosis. 


5 RESULT AND DISCUSSION 


During the evaluation phase, each machine learning model in our study underwent a rig- 
orous testing procedure to determine its prediction accuracy. The results offered intriguingly 
fresh viewpoints on their performance. Remarkably, Inception V3 demonstrated a remark- 
able accuracy of 95.5% in correctly classifying and diagnosing diseases that impact tomato 
plants. MobileNet V2 showed a strong predictive ability and its potential for successful 
disease detection that is resource-efficient with an accuracy rate of 91.1%. Even more 
diversity was added to our model ensemble by InceptionResNet V2, which proved its resi- 
lience in disease identification with an accuracy of 89.9%. With an amazing accuracy of 
96.6%, the Convolutional Neural Network (CNN) surpassed them all in terms of disease 
response prediction accuracy. 


1005 E] Accuracy] 
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Inception V3 MobileNet V2 InceptionResNet CNN 
Model 


Figure 2. Accuracy of the proposed model. 
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These results, shown in Figure 2, provide a visual representation of the models’ respective 
performances and make it clearer how our study will advance the diagnosis of tomato plant 
diseases. This detailed analysis of the machine learning models highlights the potential of 
cutting edge technology in agriculture, particularly in the crucial area of early disease 
detection. These results demonstrate how crucial it is to employ cutting-edge techniques in 
the quest of improved crop management, agricultural productivity, and food security. The 
process from training to testing and validation emphasises this point. 

A detailed overview of the performance metrics for all of the machine learning models we 
used in our research is given in Table 1. The purpose of all these models was to classify and 
identify diseases that affect the leaves of tomato plants. The primary evaluation metrics are 
recall, accuracy, precision, and F1 score. With a precision of 94.0%, Inception V3 makes 
positive predictions that are 94.0% accurate. Precision measures the model’s ability to identify 
positive cases. Inception V3 demonstrates that the model is able to recognise relevant instances 
within real positive cases, with a recall rate of 92.0%. A balanced performance is indicated by 
the F1 score, which is the harmonic mean of recall and precision. Inception V3 received an 
F1 score of 93.0%, indicating that it was generally effective. As a gauge of the model’s overall 
performance, Inception V3 has an accuracy of 95.5%. This table is a useful resource that 
provides information on the precision, recall, accuracy, and F1 scores of the models—all of 
which are critical for determining how well the models can detect diseases that impact tomato 
plants. The confusion matrices of the each machine learning model is shown in Figure 3. 


Table 1. Performance score of the each model. 


Model Precision Recall F1 Score Accuracy 
Inception V3 94.0 92.0 93.0 95.5 
MobileNet V2 90.0 89.0 90.0 91.1 
InceptionResNet 88.0 86.0 87.0 89.9 
CNN 95.0 94.0 94.0 96 


INCEPTION V3 MobileNet V2 


100 


InceptionResNet V2 


Figure 3. Confusion matrix of the proposed model. 


6 CONCLUSION 


This study presents CNNs, RNNs and ANNs as promising pathways in the development of 
intelligent irrigation systems, showing that given certain data on a specific environment it is pos- 
sible to predict whether the irrigation motor should be activated. The models improve crop health, 
prevent over-irrigation dangers and decrease the wastage of water resources promoting sustainable 
agriculture. With the help of machine learning precision and resource conservation may aid 
agriculture in meeting current needs, while safeguarding for the future of tomorrow’s challenges. 


370 


REFERENCES 


U1] 


[2] 


[3] 


[4] 


[5] 


[6] 


[7] 


[8] 


9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


Delpiazzo, E., Bosello, F., Dasgupta, S., Bagli, S., Broccoli, D., Mazzoli, P., and Luzzi, V. (2023). The 
economic value of a climate service for water irrigation. A case study for Castiglione District, Emilia- 
Romagna, Italy. Climate Services, 30(May 2022), 100353. https://doi.org/10.1016/j.cliser.2023.100353 
Junior, A. A., da Silva, T. J. A., and Andrade, S. P. (2023). Smart IoT lysimetry system by weighing 
with automatic cloud data storage. Smart Agricultural Technology, 4(November 2022). https://doi.org/ 
10.1016/j.atech.2023.100177 

Rau, A. J., Sankar, J., Mohan, A. R., Das Krishna, D., and Mathew, J. (2017). IoT based smart 
irrigation system and nutrient detection with disease analysis. TENS YMP 2017 - IEEE International 
Symposium on Technologies for Smart Cities, 3—6. https://doi.org/10.1109/TENCONSpring.2017. 
8070100 

Shukla, R., Vishwakarma, N. K., Mishra, A. R., and Mishra, R. (2022). Internet of Things application: 
E-health data acquisition system and Smart agriculture. International Conference on Emerging Trends in 
Engineering and Technology, ICETET, 2022-April, 12-16. https://doi.org/10.1109/ICETET-SIP- 
2254415.2022.9791834 

Chinasho, A., Bedadi, B., Lemma, T., Tana, T., Hordofa, T., and Elias, B. (2023). Response of maize to 
irrigation and blended fertilizer levels for climate smart food production in Wolaita Zone , Southern 
Ethiopia. Journal of Agriculture and Food Research, 12(March), 100551. https://doi.org/10.1016/j.jafr. 
2023.100551 

Katimbo, A., Rudnick, D. R., Zhang, J., Ge, Y., DeJonge, K. C., Franz, T. E., Shi, Y., Liang, W. zhen, 
Qiao, X., Heeren, D. M., Kabenge, I., Nakabuye, H. N., and Duan, J. (2023). Evaluation of artificial 
intelligence algorithms with sensor data assimilation in estimating crop evapotranspiration and crop 
water stress index for irrigation water management. Smart Agricultural Technology, 4(October 2022), 
100176. https://doi.org/10.1016/j.atech.2023.100176 

Bojago, E., and Abrham, Y. (2023). Small-scale irrigation (SSI) farming as a climate-smart agriculture 
(CSA) practice and its influence on livelihood improvement in Offa District, Southern Ethiopia. Journal 
of Agriculture and Food Research, 12(February). https://doi.org/10.1016/j.jafr.2023.100534 
Raghuvanshi, A., Singh, U. K., Sajja, G. S., Pallathadka, H., Asenso, E., Kamal, M., Singh, A., and 
Phasinam, K. (2022). Intrusion detection using machine learning for risk mitigation in IoT-enabled 
smart irrigation in smart farming. Journal of Food Quality, 2022. https://doi.org/10.1155/2022/3955514 
Jain, R. K. (2023). Experimental performance of smart IoT-enabled drip irrigation system using and 
controlled through web-based applications. Smart Agricultural Technology, 4(May 2022), 100215. 
https://doi.org/10.1016/j.atech.2023.100215 

Koteish, K., Harb, H., Dbouk, M., Zaki, C., and Abou Jaoude, C. (2022). AGRO: A smart sensing and 
decision-making mechanism for real-time agriculture monitoring. Journal of King Saud University - 
Computer and Information Sciences, 34(9), 7059-7069. https://doi.org/10.1016/j.jksuci.2022.06.017 
Fernando, E. A. H., Bandala, A. A., Lim, L. A. G., Maglaya, A. B., Ledesma, N., Vicerra, R. R., and 
Gonzaga, E. J. (2017). Design of a fuzzy logic controller for a vent fan and growlight in a tomato 
growth chamber. HNICEM 2017 - 9th International Conference on Humanoid, Nanotechnology, 
Information Technology, Communication and Control, Environment and Management, 2018-Janua, 1-5. 
https://doi.org/10.1109/HNICEM.2017.8269526 

Rahman, M. M., Khatun, F., Sami, S. I., and Uzzaman, A. (2022). The evolving roles and impacts of 
5G enabled technologies in healthcare: The world epidemic COVID-19 issues. Array, 14(May), 100178. 
https://doi.org/10.1016/j.array.2022.100178 

Pathmudi, V. R., Khatri, N., Kumar, S., Abdul-qawy, A. S. H., and Vyas, A. K. (2023). Department of 
Mechatronics, Manipal Institute of Technology, Manipal Academy of Higher Department of 
Computer Science and Engineering , Koneru Lakshmaiah Education Department of Mathematics and 
Computer Science , Faculty of Science , SUMAIT Correspondin. Scientific African, e01577. https://doi. 
org/10.1016/j.sciaf.2023.c01577 

Sahni, S., Mittal, A., Kidwai, F., Tiwari, A., and Khandelwal, K. (2020). Insurance Fraud 
Identification using Computer Vision and IoT: A Study of Field Fires. Procedia Computer Science, 173 
(2019), 56-63. https://doi.org/10.1016/j.procs.2020.06.008 

Korczak, J., and Kijewska, K. (2019). Smart Logistics in the development of Smart Cities. 
Transportation Research Procedia, 39(2018), 201-211. https://doi.org/10.1016/j.trpro.2019.06.022 


371 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Integrated model for crop production prediction and cost 
estimation: Enhancing agricultural decision support systems 


Nikita Tayal, Aman Malik, Aryan Bandral, Divyanshu & Ashu Mehta 


Department of Computer Science & Engineering, Lovely Professional University, India 


ABSTRACT: Risk is a pivotal facet of the agricultural industry. The inherent uncertainties 
linked to weather conditions, crop yields, market fluctuations, governmental policies, global 
economic trends, and various other factors can lead to significant variations in farm profitability. 
[1] Effective risk management involves selecting from various strategies aimed at mitigating the 
financial repercussions arising from such uncertainties. With the abundance of data available 
and the integration of machine learning, along with user-friendly interfaces easily accessible to 
farmers, innovative solutions for risk management in agriculture can be developed. 
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1 INTRODUCTION 


Predictive analysis of data offers valuable insights that can help mitigate risks in agriculture 
through proactive decision-making and strategic planning. By leveraging predictive analysis, 
farmers can anticipate and prepare for potential challenges, ultimately enhancing farm 
resilience and profitability. Studies on multiple crops are done to make aware of the diseases 
and need of the individual requirements of each crop. Agriculture in India is a common 
practice, according to census there are about 148 million to 158 million farmers in India 
whose livelihood is dependent on the selling of such crops. Each may face different chal- 
lenges. By using Machine Learning will help farmers with the major crops discussed. 
Rice (Oryza sativa) [2]: 


1308.37 lakh tons of rice were produced in the fiscal year of 2022-23. 

Rice serves as India’s primary staple food, nourishing over half of the population and 
contributing one-third of the nation’s total foodgrain output. 

Human consumption accounts for 85% of the total production of rice. 

Provides dietary diversity and nutrition. 

Rice cultivation supports millions of livelihoods in rural areas, with India being one of 
the world’s largest producers and consumers of rice. 


Wheat (Oryza sativa) [3]: 


107-108 million tons of rice are produced in the fiscal year of 2023-2024. 

Wheat occupies a significant position as the second most vital cereal crop in India. 
Primarily, it serves as the primary food crop in the northern and northwestern regions of 
the country. 

e Wheat occupies a significant position as the second most vital cereal crop in India. 
Primarily, it serves as the primary food crop in the northern and northwestern regions of 
the country.[4] 

e India has established itself as a major global wheat producer, ranking only behind China 
and the USA in terms of production volume. 
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Maize (Zea mays): 


It is a source of nutrition as well as phytochemical compounds. 

Maize contributes 9 percent to the food basket in India, despite being cultivated as a 
rainfed crop in 80 percent of its area.[5] 

In India, maize ranks as the third most important food crop, following rice and wheat. 
India earns foreign exchange worth rupees 2,500 to 3,000 crores annually by exporting 
only maize grain, totaling 2.5 to 3.0 million tons. 

e Maize contributes 400 billion rupees to the national gross domestic product (GDP) of 
India [5]. Barley is the 4"" largest crop produced around the world, A total of 7% share on 
the global scale. 

e The Versatility of growing environments including extreme longitudes and latitudes 
makes barley a great staple around the world. 

e It has a higher potential for a quality cereal due to its nutritional and medicinal 
properties. 

e 1.8 million tons of barley is produced annually by India. 


2 LITERATURE REVIEW 


Farming stands as a pivotal pursuit within India, with a staggering 50% of the populace 
engaged in theagricultural sector, contributing a significant 20% to the nation’s GDP. 
Embracing a contemporary approach to agriculture holds the potential to propel the expansive 
and decentralized agricultural industry to unprecedented heights. Scholars and innovators 
have diligently explored the integration of modern technologies to enhance agricultural 
methodologies. Through meticulous scrutiny, a plethora of scholarly articles and research 
papers have been proffered to delve deeper into this subject matter.P. Venkatesh and S. Usha 
[7] in 2019 explored the unique challenges and opportunities in Indian agriculture, focusing on 
the combination and deployment of IoT and AI systems, and handling diverse data such as 
weather, sensor, and market data. S. Kumar and R. Saha [8] conducted a broad survey in 2018 
on AI methods relevant to agriculture, comparing them based on criteria like accuracy, effi- 
ciency, and usability. N. Nethaji and S. R. Ganesan [9] in 2018 discussed barriers to AI 
adoption in Indian agriculture. M. Garg and M. Kumar [10] in 2019 focused practically on 
building and deploying AI systems in agriculture, including discussions on specific IoT hard- 
ware details and how AI predictions lead to actionable decisions on the farm. A. Gajbhiye and 
M. Singh [11] delved into traditional image processing in 2016, emphasizing methods like 
thresholding, color-space analysis, and histograms before the advent of deep learning. R. K. 
Shrivastava and S. Shrivastava [12] in 2019 emphasized explaining ML algorithms and 
applying precision agronomy for farming decisions. V. Agrawal and R. Agrawal [13] discussed 
optimization techniques and algorithms for resource usage and yield maximization in 2018. S. 
Sharma and R. M. Rangaswamy [14] explored CNNs and image-based tasks, including dis- 
ease detection and fruit counting/ripeness analysis, in 2019, possibly covering time-series 
analysis using RNNs for weather or sensor data. S. K. Gouda and S. K. Dash [15] detailed 
CNN architectures, data preparation, preprocessing specific to images, and deployment con- 
siderations in 2019. S. Kumar and A. K. Yadav [16] in 2018 heavily focused on regression 
methods, data concerns, and time-series modeling. Jingzhu Zhao, Qishan Luo, Hongbing 
Deng, and Yan Yan [17] examined opportunities and challenges of sustainable agriculture 
internationally in 2007, discussing practices promoting sustainability. N. Nethaji and S. R. 
Ganesan [18] provided an overview of AI application in precision agriculture in 2018, high- 
lighting its potential to revolutionize agricultural production. Bina Aggarwal [19] reassessed 
the relevance of traditional agricultural production collectivities in 2010, exploring cooperative 
farming and collective resource management strategies. Tamma Koti Reddy* and 
Madhubanti Dutta [20] focused on the Indian economy in 2018, examining the impact of 
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agricultural inputs on agricultural GDP. Saad Mekhilef, S.Z. Faramarzi, Saidur Rahman, 
Zainal Salam [21] explored solar technologies’ application in agriculture in 2013, discussing 
solar-powered irrigation systems and photovoltaic applications in farm operations. 


3 RESEARCH METHODOLOGY 


Step -5 
Model 


Deployment 


Figure 1. Listed below are the primary steps involved in executing any algorithm. 


3.1 Acquiring the dataset 


The dataset procured from the ICRISAT platform, illustrating agricultural yield details, will 
serve as the foundation for prognosticating the anticipated expenditure tied to agricultural 
yield, accounting for variables like geographical locale, acreage, and crop variety. Through 
harnessing this dataset, scholars aspire to enrich their comprehension of the myriad factors 
affecting yield costs, with the ultimate goal of formulating more precise prognostications to 
aid cultivators and agricultural stakeholders in making well-informed judgments. 


3.2 Pre-processing of data 


The preliminary stage of processing involved in preparing the agricultural data encompassed 
the elimination of superfluous columns and the execution of essential data refinement proce- 
dures. By diligently eliminating extraneous columns and ensuring data fidelity through 
refinement, the dataset underwent enhancement to augment its suitability for subsequent 
analysis. This preliminary processing endeavor aimed to rationalize the dataset, rendering it 
more manageable and conducive to precise scrutiny. Furthermore, any incongruities or absent 
values were rectified during this phase to safeguard the dependability of the data. In summary, 
the preprocessing endeavors established a robust groundwork for subsequent analytical and 
modeling endeavors, facilitating insightful revelations into agricultural yield dynamics. 


3.3 Splitting the dataset 


The segmentation of the dataset into training and testing cohorts was conducted with 
meticulous attention to detail, aiming to facilitate the construction and assessment of prog- 
nostic models for agricultural data scrutiny. By partitioning the agricultural data into dis- 
tinct training and testing subdivisions, scholars ensured that the models underwent training 
on one segment of the data while undergoing evaluation on another, autonomous segment. 
This methodology aids in appraising the generalization efficacy of the models, permitting 
dependable prognostications on unobserved data. Through meticulous deliberation on the 
division proportion, the training and testing cohorts were formulated to uphold the integrity 
and representativeness of the original dataset, thus ensuring the legitimacy of subsequent 
model appraisals and prognoses. 
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3.4 Algorithm selection 


The selection for this examination was the Random Forest technique, opted over alternative 
methodologies such as linear regression, decision trees, and gradient boosting. Random 
Forest garnered preference due to its adeptness in managing extensive datasets with intricate 
dimensions and nonlinear interrelations efficiently. Divergent from linear regression, which 
presupposes a linear correlation among variables, Random Forest can apprehend intricate 
interplays and nonlinearities within the data. Moreover, juxtaposed with decision trees, 
Random Forest diminishes the hazard of overfitting by amalgamating prognostications 
from myriad trees. While gradient boosting demonstrates potency, it may entail substantial 
computational resources and exhibit sensitivity to hyperparameters. Consequently, Random 
Forest surfaced as the quintessential preference for this evaluation, presenting an equilibrium 
between efficacy and computational expediency. 


3.5 Evaluating model performance 


The examination for this scrutiny encompassed the appraisal of the trial outcomes pre- 
dicated on the Root Mean Square Error (RMSE) criterion. RMSE emerged as the pre- 
ferred choice due to its capacity to furnish a quantification of the mean deviation between 
prognosticated and observed values, with diminished RMSE signifying superior model 
efficacy. Through the computation of RMSE, scholars managed to delineate the precision 
of the model’s prognostications and ascertain its proficiency in estimating the target vari- 
able. This evaluative process facilitated a comprehensive comprehension of the model’s 
prognostic capabilities and its aptitude to generalize to unobserved data. On the whole, the 
utilization of RMSE as the evaluative criterion yielded invaluable insights into the model’s 
performance, fostering enlightened decision-making and further enhancement of the 
prognostic model. 


4 RESULT 


The outcomes of this examination entailed the comparison of diverse models encompassing 
linear regression, random forest, decision tree, and gradient boosting, utilizing RMSE as the 
evaluative criterion. Each model underwent training and testing on the dataset to ascertain 
its prognostic efficacy. Following exhaustive evaluation, it was discerned that the random 
forest model surpassed the other models, manifesting the most minimal RMSE and thereby 
indicating superior prognostic precision. This juxtaposition offered invaluable insights into 
the merits and demerits of each model, directing the choice of the most appropriate algo- 
rithm for prognosticating the target variable. On the whole, the adoption of RMSE as the 
evaluative criterion facilitated a thorough appraisal of model performance, fostering 
informed decision-making in model selection. 


Table 1. Comparing RMSE of different models for every crop. 


Models Wheat Rice Barley Maize 


Linear Regression 134.846 178.229 5.800 70.018 
Random Forest 79.774 93.586 5.169 47.286 
Decision Tree 102.813 112.728 5.143 64.171 
Gradient Boosting 82.885 96.700 6.591 45.712 
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Figure 2. Graphical representation and comparison of different RMSE models. 


5 CONCLUSION 


In this survey paper, with the detailed study of different papers, we tried different approaches 
and algorithms and found the model that gave the highest accuracy for the specified fruits. 
It helped create a Smart Management System that leverages technologies such as Data 
Science, Software Development, Domain Expertise, User Experience, and Project 
Management to enhance efficiency,productivity, and sustainability in agriculture. 

India has one of the harshest climate routines in the world, along with its sheer diversity of 
geographical diversity and myriad crops comes several challenges, and unpredictability of 
many risks involving facets such as Weather, climate, diseases, and natural disasters. Thus, 
farmers need to be more aware of these risks and try to mitigate them. A simple UI is of 
critical importance as it will be able to reach a greater domain and all the echelons of people, 
the image of the application is not of a gimmick in the market but to be useful to the farmers 
which will help them to sustain a better life by making their job less precarious, such advance 
practices will also elevate the quality of the agricultural industry helping government to 
survey better data and transparency which further educates the farmers. Agriculture share 
increased to a great chunk of 20% [22] in the past 17 years and 50% of the nation’s popu- 
lation works in the said sector, thus weight the importance of boosting the agriculture sector 
functionality focusing on the main workforce The data provided by the government is ver- 
ified and free to use, which comes in a great boon to the farmers as this helps them. 
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Multi modal deep learning for robust tomato leaf disease detection 


Arnav Razdon, Raj Vishal, Ayush Kumar, Siddhant Naik & A.V. Kalpana 
Department of Data Science and Business System, SRM Institute of Science and Technology, India 


ABSTRACT: This paper presents a novel automated approach aimed at preserving crop 
quality and yield by identifying illnesses in tomato leaves. The method combines 
Convolutional Neural Networks (CNN), Long Short-Term Memory networks (LSTM), and 
Single Convolutional Neural Networks (SCNN) to effectively analyze temporal patterns, 
focus on spatial information, and classify diseases using RGB photographs. Comparative 
analysis with traditional techniques demonstrates the superior effectiveness of deep learning 
methods. The development of a user-friendly CNN application for real-time disease pre- 
diction enhances its practical utility in agriculture, assisting farmers in managing crop health. 
Overall, this research significantly improves the precision and efficacy of disease detection, 
offering a comprehensive solution that could positively impact tomato cultivation practices. 


Keywords: Tomato leaf disease detection, Deep learning and Real-time crop health management 


1 INTRODUCTION 


With the integration of modern machine learning algorithms alongside traditional agri- 
cultural expertise, the field of tomato leaf disease detection represents a significant 
advancement in crop health management. These integrated systems offer tailored solutions 
for disease prevention and treatment within tomato agriculture, leveraging a deep under- 
standing of plant health augmented by technological advancements. 

Understanding Tomato Leaf Diseases: The diagnosis and management of tomato leaf 
diseases are imperative due to their significant impact on crop yield and quality. These 
systems effectively recognize the diverse array of diseases that afflict tomato plants and 
comprehend their implications for agricultural productivity through the incorporation of 
longstanding agricultural knowledge. 

Machine Learning for Disease Detection: These systems leverage state-of-the-art machine 
learning algorithms to analyze leaf photographs, identifying patterns and correlations indi- 
cative of various illnesses. Prominent examples of such algorithms include Convolutional 
Neural Networks (CNNs) and Long Short-Term Memory networks (LSTMs). By con- 
sidering both temporal and spatial factors, these systems offer accurate and effective disease 
diagnosis, empowering farmers with the necessary tools to take timely action and implement 
management strategies. 

Machine Learning’s Role in Disease Control: CNNs play a pivotal role in identifying 
tomato leaf diseases, leveraging visual cues to classify them swiftly and accurately, thereby 
providing farmers with rapid and precise diagnoses. Meanwhile, LSTMs analyze temporal 
patterns to forecast disease progression, enabling proactive measures for disease prevention. 
Through the synergistic integration of these machine learning techniques, farmers gain 
actionable insights that enhance both crop output and health.The fusion of traditional 
agricultural knowledge with modern machine learning techniques represents a paradigm 
shift in tomato leaf disease management, offering personalized solutions for sustainable crop 
cultivation and ensuring global food security. 
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2 RELATED WORKS 


Deep learning models have been employed in a number of recent studies to identify and 
classify plant diseases. In one study, a dataset including over 12,000 images was split into 
training and validation sets. Utilising the ResNet-50 model—which blends convolutional 
neural network (CNN) architecture and transfer learning—researchers achieved an incred- 
ible 97% accuracy rate in diagnosing plant ailments rapidly. 

Another study looked at a dataset with 7,000 images and developed an AlexNet model 
based on CNN. Despite having a high accuracy rate of 96.7%, this model was not as effective 
as other models like LeNet-5 and VGG-16. The researchers also used Otsu’s technique for 
feature extraction and disease segmentation using Local Binary Patterns (LBP) and 
Histogram of Oriented Gradients (HOG). In their studies, researchers also employed the 
polynomial kernel Support Vector Machine (SVM) approach, which demonstrated an 
impressive accuracy rate of 94.6%. These studies demonstrate the critical role that early 
illness detection plays in safeguarding agricultural productivity and ensuring food security. 


3 PROPOSED METHODOLOGY 
This approach explores three distinct methods for identifying tomato leaf disease: 


(1) Utilization of ResNet-50: Incorporate a pre-trained ResNet-50 model for transfer 
learning. This model possesses the ability to recognize crucial characteristics relevant to 
disease identification due to its prior training on a large-scale image dataset. 
(2) Fine-tuning: Introduce additional layers dedicated specifically to the classification of 
tomato leaf diseases while eliminating the last few classification layers from the pre-trained 
ResNet-50 model. Subsequently, train the new added layers using the tomato leaf disease 
dataset while setting the weights of the existing layers in the pre-trained model to zero. 
(3) Prediction: Employ the fine-tuned ResNet-50 model to ascertain whether new tomato 
leaf images exhibit signs of illness or are healthy.AlexNet 
e Training from Scratch: Train an AlexNet model from scratch on the tomato leaf 
disease dataset. This involves training all the layers of the AlexNet model on the 
specific task of classifying tomato leaf diseases. 

e Prediction: Use the trained AlexNet model to predict the disease status for new 
tomato leaf images. 


f ‘6 K-means clustering 


Data 
Augmentation 


Segmentation 


Classification 
Results 


Input Image 


Figure 1. Tomato leaf disease. 
3.1 Datasets 


We built a dataset of 500+ tomato leaf images for our research. It covers various diseases 
like Early Blight, Late Blight, and Tomato Mosaic Virus. Each image is carefully labeled for 
disease or pest type. This dataset is specifically designed for tomato leaf diseases, addressing 
limitations in publicly available datasets. 


3.2 Pre-processing approach 


Pre-processing is crucial for machine learning projects, especially in plant leaf classification. 
Here, we focus on techniques for tomato leaf disease detection: 
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e Data Splitting: Divides the dataset into training, testing, and validation sets to prevent 
overfitting and ensure model generalizability. 

e Caching: Stores pre-processed data for faster retrieval during training, improving 
efficiency. 

e Shuffling: Randomizes the order of training examples to prevent the model from learning 
biases in the data order. 


These techniques optimize the data for training, leading to a more accurate and efficient 
model for tomato leaf disease detection. 


3.3 Segmentation process 


Following pre-processing, the dataset is segmented for model evaluation. This split ensures 
the model isn’t biased towards the training data. 


Training Set: Used to train the model (typically 80% of the data). 
Validation Set: Used for hyperparameter tuning and preventing overfitting (e.g., 10% of 
the data). 

e Testing Set: Used for final model performance evaluation (e.g., 10% of the data). 


Stratified sampling ensures each split reflects the overall disease category distribution. 
This segmentation process allows model assessment and facilitates accuracy improvement 
through informed adjustments. 


3.4 Feature extraction 


Feature extraction is a crucial step after data splitting. It involves extracting informative 
features from images to help the model differentiate healthy and diseased leaves. Here, we 
focus on color and texture features: 


e Color Features: Extracted using methods like color histograms to capture color 
information. 

e Texture Features: leaf textures were extracted using methods such as the Gray-Level Co- 
occurrence Matrix (GLCM) and Local Binary Patterns (LBP) The choice of technique 
depends on the dataset and disease types (Figure 2). 


Confusion matrix 


0 1 2 
Predicted 


Figure 2. Accurate disease prediction. 


effective feature extraction captures essential characteristics while filtering out irrelevant 
information. This provides high-quality input data for accurate disease prediction. 
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4 RESULTS AND DISCUSSIONS 


This study explored the efficacy of three distinct methodologies for detecting tomato leaf 
diseases: 


(1) 


(2) 


(3) 


ResNet-50 Transfer Learning: Leveraging a pre-trained ResNet-50 model for feature 
extraction and fine-tuning for classification proved highly successful. We achieved an 
impressive accuracy of 90%, demonstrating the model’s strong capability in effectively 
differentiating healthy and diseased leaves within our dataset. This highlights the power 
of transfer learning in deep learning, where pre-trained models can be adapted for new 
tasks, significantly reducing training time and achieving superior performance compared 
to training models from scratch. 

AlexNet Training from Scratch: While achieving a respectable accuracy of 72%, 
AlexNet, a pioneering deep learning architecture, fell short of the performance of the 
more recent ResNet-50 model. This emphasizes the advancements made in deep learning 
architectures over time. AlexNet’s lower accuracy could be attributed to its simpler 
design compared to ResNet-50 deeper and more complex architecture. However, it’s 
important to consider that training AlexNet from scratch requires a significantly larger 
dataset to achieve accuracy comparable to ResNet-50. Fine-tuning AlexNet on a pre- 
trained image classification dataset could potentially improve its performance for 
tomato leaf disease detection, offering a balance between accuracy and computational 
resource requirements. 

Otsu’s Thresholding with LBP: This traditional image processing technique, employing 
Otsu’s thresholding for segmentation and Local Binary Patterns (LBP) for feature 
extraction, reached an accuracy of 60%. While offering a simpler and computationally 
less expensive approach compared to deep learning models, its accuracy is highly 
dependent on the dataset characteristics. Factors like lighting variations, background 
complexity, and disease severity can significantly impact the effectiveness of segmenta- 
tion using Otsu’s method. Additionally, the subsequent classification using a machine 
learning model (e.g., SVM) further influences the overall accuracy. However, Otsu’s 
Thresholding with LBP can still be a suitable option for scenarios with limited compu- 
tational resources or smaller datasets, where training deep learning models might not be 
feasible. 
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Figure 3. Overall accuracy. 


5 CONCLUSION 


In this project, we investigated the effectiveness of various deep learning and image proces- 
sing techniques for tomato leaf disease detection. Three different models were employed: 
ResNet-50, AlexNet, and Otsu’s Thresholding with Local Binary Patterns (LBP).ResNet-50 
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achieved the highest accuracy of 90% in detecting tomato leaf diseases, demonstrating its 
exceptional capability in this task. AlexNet followed with an accuracy of 72%, while Otsu’s 
Thresholding with LBP yielded the lowest accuracy of 60%.These results highlight the 
superiority of deep learning models like ResNet-50 for tomato leaf disease detection com- 
pared to traditional image processing techniques like Otsu’s Thresholding with LBP. The 
significant accuracy advantage of ResNet-50 suggests its potential for real-world applica- 
tions in precision agriculture. 
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Real-time pose correction and wellness tracking system for 
enhanced Yoga practice 
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Lovely Professional University, Phagwara, India 


ABSTRACT: Yoga, which originated in ancient times, offers significant physical and 
mental benefits. However, incorrect postures pose a risk of injury, which highlights the 
importance of precise guidance during practice. Sage Maharshi Patanjali, who systematized 
yoga through his scriptures around 500 BC, laid the foundation for modern yoga. In today’s 
digital age, learning yoga has become diverse, from attending classes to using online resources. 
However, without proper instruction, learners are at risk of performing incorrect postures, 
leading to injury. This article introduces a deep learning-based system that addresses this 
challenge by providing real-time feedback and corrections to yoga poses. Combining PoseNet 
and K-Nearest Neighbours (K NN) algorithms, analyses the user’s posture through webcam 
input, providing personalized guidance to ensure proper posture alignment. 


Keywords: Physical and mental benefits, Correct postures, PoseNet, K-Nearest Neighbours 
(KNN) algorithms, Webcam input, Real-time feedback, Posture alignment, Pose detection, 
Pose correction, Cardio exercises, BMI calculator, Calorie counter, Workout planner, 
Meditation tracker 


1 INTRODUCTION 


Just like any other exercise in the book, it is crucial to perform yoga as accurately as possible. 
Yoga poses affect the body physically and mentally unlike other exercises. As a result of 
performing yoga differently and avoiding doing them right for many years, one may get 
injuries that are permanent. Consequently, it is imperative to have an instructor on hand 
during yoga sessions. Moreover, in today’s modern life where everyone is in a hurry, it is not 
possible always to have an instructor with you all the time. Hence the project. The major 
problem with designing this project is that even when parts of user’s bodies overlap or the 
difference between two user’s cloths might be difficult to differentiate from each other; we 
should still be able to see a model performing a pose. When doing yoga, people often want to 
wear slim fit clothes which are comfortable such as tights and sports bras that do not hinder 
their movements or make them heavy. Conversely others prefer very baggy ones so they can 
breathe freely while practicing yoga. However, if the cloth is monochromatic following above 
scenario this makes it hard to separate overlapped body parts using conventional methods of 
computer vision. Thus, we have used better way to recognize human posture, K-Nearest 
Neighbours (K NN) and PoseNet algorithms of machine learning domain in order to increase 
the efficiency and accuracy of the project. The simplest Machine Learning Algorithm is known 
as K-Nearest Neighbors (KNN), based on supervised learning techniques. It presumes that 
new data bears resemblance with existing data and puts it in the same class as the available 
one. All available data is saved so that it can classify new data based on its similarity. 
Therefore, every time a stream of fresh data is fed into this algorithm, it instantly sorts them 
out using the K-NN approach. In S Patil [12] and team’s project of Yoga tutor visualization 
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and analysis using SURF algorithm, the project uses accelerated robust characteristics to 
identify and distinguish between the difference of postures between the instructor and the 
learner. Yubin Wu and team [11] made the project which took a picture as an input and gave 
text output. The system does not differentiate between the instructor and learner. In our 
project work, we just not only added the feature of identifying wrong poses and provide 
correction feedback, but also an entire set of tools that can help a person to follow a healthy 
lifestyle. The project contains seven section that are as follows. The first section is of Pose 
Detection. The pose detection section contains poses namely Mountain, Garland, Plank and 
Goddess. User choses a pose and performs it in front of the camera. If the user does them right, 
it says correct pose otherwise says incorrect. The second section contains Pose corrector. Here 
user does the yoga in front of the camera. The live feed from the camera, goes into the model 
and it corrects the pose in real-time. The third section contains cardio section where you can 
download an app do the cardio exercises such as squats. The fourth section contains BMI 
calculator. Fifth section is about a calorie counter in which you can enter your food items and 
it will generate a total calorie consumes and total exercise needed to nullify the over con- 
sumption of calorie. Sixth section is all about workout planner. Here you can plan your 
workout according to your ease. Weekly or monthly, your choice. An effective plan will be 
generated for you. The seventh section is about meditation tracker. The live feed will send the 
data into the model and the model will keep track of the time of the meditation is done. The 
on-screen timer will help you to keep yourself rigid towards your goals. 


2 RELATED WORKS 


Numerous uses exist for postural recognition. In robotics, posture recognition enables the 
robot mechanism to interact with humans. Conversely, computer science area can not only 
detect a person but also anticipate his or her likely activity. Markom and team [2] with their 
paper on scan matching and KNN classification for mobile robot localization algorithms 
talks about a robot on wheels and its ability to identify human in its surrounding with 85% 
accuracy. The result provided that the wide ranges can estimate the input samples with high 
accuracy. Mustafa and team [3] worked on Human activity recognition using AlphaPose for 
real-time pose estimation. It uses 68 key points for face, 42 for and 26 for body. Their model 
was able to achieve 99.7% precision for frame-wise estimation. Also, the model was able to 
achieve about 98% precision for subject wise 10 field cross-validation. Sharma and team [4] 
have used tensor flow, open-cv, media pipe etc. for their Suryanamaskar model. The model 
has accuracy score of 0.75. Dhanyal and team’ [5] proposed CNN model achieved accuracy 
of 99.38% whereas Jose and Shailesh [6] model and Islam and team’s model [7] achieved 
accuracy of 82% and 97% respectively. Wang and team [8] used the KNN model for posture 
recognition in tennis. The model which defines the dimension weight gave results with 
accuracy with 92.4% accuracy whereas one with decision tree gave an accuracy of 92.81% 
and the CNN algorithm had the accuracy of 89.7%.Long and team [10] use transfer learning 
as their model for feature extraction. The model achieved accuracy of 93.33% for plank pose. 
Transfer learning uses previous knowledge to enable transfer to another domain for classi- 
fication and feature extraction purpose.[13] In this work, approach which are based on deep 
learning are used to detect the incorrect postures of yoga and provide feedback to the user to 
improvise the yoga pose at the point. In this model user can select a particular pose and can 
also upload a recorded video of their yoga practice. Further the angles of monitoring 
activities are used to scale. In this work multilayer perception is trained for getting an 
accuracy of 99.58%, [14] A novel architecture is presented by this to classify yoga poses. 
Categorization into 5 yoga poses is done with low latency. In this architecture skeletoniza- 
tion of images are done before using them as input in model and then MediaPipe is used for 
key point detection of body parts. Also, the focus of this paper is to do a comparison 
between the performance of transfer learning models like VGGI16, InceptionV3, 
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InceptionResNetV2, NASNetMobile and YogaConvo2d the proposed model. And it is 
found that for the proposed model the accuracy is 99.62% when skeletonized images are used 
and the accuracy is 89.9% when non skeletonized images is used as input to model. The 
proposed model used in the paper is using python libraries like NumPy, OpenCV (cv2), 
Pandas, PIL, Matplotlib and MediaPipe.[15] They used a hybrid model, combining CNN 
and GRU using Keras API and implemented the same using Python Programming. They 
created a new data set named SmartYog to train their 24 different poses which has total 
number of videos is 2700. Their training and validation accuracy was yielded as 98.17% and 
93.80% respectively. The test dataset achieved the accuracy of 93.28%. 


3 METHODOLOGY 


3.1 Pose correction and detection module 


The proposed system aims to provide real-time feedback and guidance to users practicing 
yoga poses using a webcam. 


3.1.1 Dataset 

The dataset consists of images of four different yoga poses: Utkata Konasana (goddess), 
Tadasana (mountain), Phalakasana (plank) and Garland pose. A total of 1578 images were 
collected from various sources, including Kaggle. 


3.1.2 Pose estimation 

PoseNet is a framework based on convolutional neural networks that transforms stance 
estimation by precisely identifying important body joints in pictures and videos. It is crucial 
for motion capture, virtual reality, and fitness tracking due to its efficiency and accuracy. 
PoseNet makes considerable progress in posture estimation accuracy and efficiency by 
employing deep learning, which advances our understanding of human movement. 


3.1.3 Training model 

A Python-based optimised movie with several yoga positions is created with NumPy, Open 
Pose, and TensorFlow-Keras. To support model training, the deep learning framework takes 
out important details from the video sequence. Furthermore, data augmentation modifies 
the dataset by applying arbitrary flips, translations, and rotations to video frames. Transfer 
learning speeds up training and may improve performance, especially when there is a lack of 
training data. It does this by using pre-trained models from TensorFlow Model Zoo to fine- 
tune on the yoga position dataset. Evaluation includes parameters like precision and recall 
across different yoga poses in addition to accuracy on a validation set. 


3.1.4 KNN classifier 

Key steps in the KNN for pose classification process are feature extraction (finding pertinent 
key points), preprocessing (ensuring data quality), choosing a distance measure, tweaking ‘K’, 
and organising the features into data vectors. The pose is predicted during categorization by a 
majority vote among ‘K’ nearest neighbours. Performance is measured by evaluation indica- 
tors like accuracy and precision. Ensemble techniques like as weighted KNN or bagging can 
be used to overcome scalability issues with huge datasets or high dimensional feature spaces. 


3.1.5 Real-time pose correction module 

PoseNet is used for pose estimation with the ml5.js framework. Skeletal linkages and iden- 
tified critical sites are used to calculate angles. Based on predefined thresholds and com- 
parative analysis, correction logic decides whether to alter the user’s position. The user 
receives real-time feedback messages to assist with posture alignment correction. 
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3.1.6 Model performance 
Using the webcam, the model extracts key points from the user’s yoga pose in real-time. 


3.1.7 Results 


Table 1. Results for pose detection and correction. 


Pose Accuracy Precision Recall F1 Score 
Mountain 80% 80% 100% 88.90% 
Goddess 86% 86% 100% 92.50% 
Garland 70% 70% 100% 82.40% 


Plank 72% 72% 100% 83.70% 


3.2 Cardio module 


3.2.1 MediaPipe pose detection 

The Human Pose Estimation (HPE) module utilizes machine learning and computer vision to 
estimate body joints, specifically for squat counting. It relies on the MediaPipe library, 
developed by Google’s MediaPipe team, for real-time human pose estimation from video and 
image inputs. MediaPipe offers developers adaptable options for creating multimedia pipe- 
lines, with a modular design for efficiency and versatility. It provides solutions for various 
tasks like object detection, pose estimation, hand tracking, and face detection, and supports 
cross-platform interoperability across desktop computers, mobile devices, and the web. 


3.2 Dataset 


The proposed module is utilizing MediaPipe which is already pre-trained on large dataset 
and it provides a ready to use model for pose estimation. 


3.2.1 Model performance 

This model creates a squat counting system using Webcam input and MediaPipe position 
estimation. It monitors the user’s movement in real time and focuses on precisely counting 
the number of squats. The technology identifies key body parts like the ankle, knee, and hip 
joints as the user performs squats. Based on the user’s accurately observed actions, the sys- 
tem will tally the number of squats they execute and provide real-time feedback. 


3.2.2 Results 


Table 2. Results for cardio. 
Pose Accuracy Precision Recall F1 Score 


Cardio 82% 82% 100% 90.10% 


3.3 Meditation module 


3.2.3 Image processing and computer vision 

Utilizing Artificial Intelligence, image processing and computer vision are closely related 
technologies that extract meaningful data from visual inputs like photos and videos. Image 
processing enhances image quality and modifies properties, crucial for tasks like object 
recognition and motion detection. It’s a key component of computer vision, which extends 
beyond image manipulation to solve real-world problems. For instance, in a meditation 
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module, computer vision traces motion during meditation via webcam and triggers an alarm 
if motion exceeds a set threshold. 


3.2.4 Model performance 

To detect human motion during meditation, this module uses real-time camera photos 
processed utilising image processing and computer vision algorithms. To find areas of 
motion, image processing techniques like thresholding and filtering are used. Motion regions 
and bounding boxes are graphically represented by overlaying a canvas on the video feed 
using canvas sketching. Motion detection, bounding box detection, temporal smoothing, 
and other computer vision techniques are used. Using the navigator.mediaDevices. 
getUserMedia() API, real-time webcam photos are taken, and motion detection is carried 
out by computing pixel variations between successive frames. Bounding box detection 
establishes the spatial representation, while thresholding is used to pinpoint motion regions. 
By lowering output jumpiness, temporal smoothing offers steady motion tracking. Together, 
these methods produce the motion-detection-equipped meditation module. 


3.2.5 Results 


Table 3. Results for meditation. 
Pose Accuracy Precision Recall F1 Score 


Meditation 92% 92% 100% 95.80% 


4 ADDITIONAL WORK 


In addition to yoga pose detection and correction module, meditation module and cardio 
module there are some other features provided by us: 1. Food Calorie Calculator: The user 
can input various food items into this feature and it will calculate calories for them. This tool 
helps users plan their diet properly to stay healthy. 2. Body Mass Index calculator: We have 
also created a BMI calculator on this system that uses the figures provided by the user. 3. 
Android app for cardio module: To improve the mobile experience we also have included 
mobile application feature for cardio module with squats counting capability. For example, 
this app has applied pose estimation (via TensorFlow Lite) using machine learning techni- 
ques as well as K-means clustering to accurately analyze and count pushups as well as squats 
exercises. 4. Workout planner: A user will be able to plan their workout through this module. 
5 Audio feature: In addition, the proposed model from the yoga pose corrector includes 
audio feature which will direct how to correct from one yoga pose or another position of 
your hands etc. Alternatively, meditation modules may even have background music func- 
tionality. 6. Mental Health Awareness module in which a mental health related quiz will be 
attempted by the user and our module will provide the graphical result with personal insights 
and useful recommendations for improving mental health. 


5 CONCLUSION 


The system integrates real-time posture correction, fitness tracking, and guided meditation 
using deep learning algorithms like PoseNet and KNN. It offers accurate feedback to improve 
posture and reduce injury risk during yoga practice, analyzing live webcam input for inter- 
active sessions. Beyond posture correction, it tracks cardiovascular exercise, calculates BMI 
and calorie intake, plans workouts, and monitors meditation progress. Extensive testing vali- 
dates its high accuracy and efficiency, instilling user confidence for optimal yoga practice. 
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6 FUTURE SCOPE 


Further refinement of the pose correction algorithms could be explored to provide more 
detailed and personalized feedback to users. Incorporating social features into the system, 
such as user profiles, progress tracking, and community forums, could foster a sense of 
accountability, motivation, and support among users. Increasing the diversity of recognized 
yoga poses and exercises beyond the initial set could cater to a broader range of users with 
varying skill levels and preferences. Additionally, allowing users to connect with instructors 
or peers for live feedback and guidance could further enhance the learning experience. 
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ABSTRACT: The Solar Remote Monitoring System (RMS) is a device designed for real- 
time data analysis and remote monitoring of solar off-grid inverters. It measures voltage and 
current usage in the system, and provides low battery notifications. The RMS also features 
AI capabilities for predictive maintenance, foreseeing potential issues before they occur. Its 
user-friendly interfaces and real-time data acquisition make it a valuable tool for end-users 
and maintenance professionals. In addition to solar off-grid systems, the device can be used 
in electric vehicles, solar pumps, and for monitoring agricultural resources. Its contribution 
to reducing carbon emissions aligns with global sustainability goals. 


Keywords: Solar Remote Monitoring System, Data, Device, Voltage, Maintenance, RMS 


1 INTRODUCTION 


This project aims to develop a solar off-grid system for monitoring and predicting voltage and 
current usage in the PV industry. It will measure both DC and AC current, including Solar 
Voltage, Solar Current, Grid Voltage, Grid Current, Inverter Voltage, Inverter Current, and 
Battery Voltage. Integrated with AI, it aims to predict parameters to reduce maintenance costs 
and downtime. The Solar Remote Monitoring System transforms solar power management by 
offering real-time data analysis and remote access. It enhances efficiency, enabling users to 
monitor energy production, equipment health, and environmental conditions remotely. By 
seamlessly integrating sensors, communication networks, and data analysis algorithms, it 
provides invaluable insights into solar array operation, enhancing reliability and reducing 
operational costs. This technology represents a crucial step towards a more efficient and 
resilient solar energy ecosystem. An inverter shown in the Figure | is a minimized, rectangular 
electrical gadget that converts direct flow (DC) voltage to rotating flow (AC) voltage. Inverters 
are otherwise called power inverters or recurrence inverters. Inverters are basically utilized as a 
wellspring of ability to run gadgets when there are power cuts. 
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Figure 1. Example for solar inverter. 
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2 LITERATURE REVIEW 


Sun based inverters are basic parts of photovoltaic frameworks, changing over DC power 
created by sunlight powered chargers into AC power for use in homes, organizations, and the 
lattice. [1] Remote checking frameworks offer ongoing experiences into the exhibition of sun 
powered inverters, empowering brief identification of flaws, advancement of energy creation, 
and productive support booking. [2] Examinations demonstrate that remote observing fra- 
meworks for sunlight-based inverters track down applications in different settings. [3] 
Notwithstanding the benefits, challenges in carrying out remote observing for sun-oriented 
inverters are perceived in the writing. Issues like information security, correspondence con- 
ventions, and similarity with various inverter models can present challenges. [4] The writing 
demonstrates that arising advancements assume a critical part in propelling remote observing 
capacities for sun powered inverters. Web of Things (IoT) combination takes into considera- 
tion consistent network, empowering information assortment and investigation from dis- 
seminated sun powered resources. [5] AI calculations empower prescient upkeep by examining 
verifiable execution information and distinguishing designs that might show likely issues. This 
proactive way to deal with upkeep can altogether diminish personal time and fix costs. [6] 
Writing in this field frequently incorporates contextual analyses and viable executions of 
remote checking frameworks for sun powered inverters. [7] a cost effective solar a PV mon- 
itoring system can be made using cheap controller and GPRS [8]. High level detecting and 
correspondence innovations of IoT can really keep away from or lessen the harm of cata- 
clysmic events to the electrical cables, and thus work on the dependability and steadiness of 
force transmission. In this paper, a three-layer engineering model of the Web of things for 
shrewd network is proposed [9]. For analysis of data, it is important to get various details from 
various sensors [10]. Due to the presence of majority of solar installation monitoring needs to 
be automated [11]. This global team centers around execution appraisal methods and explicitly 
on observing as one of the excess switches for further developing execution of PV frameworks 
further [12]. In contrast with other comparative frameworks, the new functionalities given by 
Contamination Gatekeeper are the SMS and email cautions produced when the degree of 
harmful substances surpasses a few given values, picked concerning respiratory sickness [13]. 
The device can monitor the solar inverter and sends the data to the cloud [14]. 


3 PROPOSED METHODOLOGY 


The proposed methodology, as depicted in the block diagram Figure 2, involves a compre- 
hensive system for monitoring and controlling power in an off-grid solar setup. The system 


Figure 2. Block diagram of remote monitoring system. 
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begins with a battery as the power source, which is managed by the Power Supply Control. 
The Voltage and Current Sensors measure the power usage, and these analog signals are 
converted into digital data by the 16-bit ADC [15]. This data is processed by the Controller 
with Wi-Fi, which also manages communications. The Wi-Fi Dongle provides additional 
wireless connectivity. The processed data is displayed on the Web Dashboard, allowing users 
to monitor and control the system. The system also has the capability to upload data to the 
cloud for remote access and storage. This methodology integrates various components to 
monitor power usage, manage power distribution, convert monitored data into a digital 
format, provide a user interface, and upload data to the cloud, thereby enhancing the effi- 
ciency and reliability of the solar power system. 


4 TECHNICAL FEATURES 


The device Figure 3 is designed with high-precision sensors to ensure maximum accuracy 
while fetching data. It is intelligently designed with technical parameters that optimize its 
functionality. The device incorporates an external Analog- to-Digital Converter (ADC) for 
more accurate data. The device features a low battery notification system for timely battery 
replacement or charging. 


Figure 3. Final hardware setup. 


The device includes indicators for both remaining and consumed battery percentage. This 
allows for effective battery management and ensures the device’s uninterrupted operation. In 
addition, the device allows for easy tuning or resetting of the solar, battery, and grid para- 
meters. This feature provides flexibility and adaptability in managing different operational 
scenarios. The device offers easy calibration of the sensors, ensuring the accuracy of the 
measurements and enhancing the reliability of the data collected. It incorporates a real- time 
clock for time-stamping data, which is important for trend analysis and event correlation. 
The device is equipped with multiple data transformation ports and sources, enhancing its 
versatility and compatibility with various data formats and transmission protocols. The 
device provides easy access to the cloud for remote monitoring and management, and 
enables graphical representation of data in the cloud for easy interpretation and under- 
standing of the data. These features collectively enhance the device’s efficiency, reliability, 
and user-friendliness, making it a versatile and valuable tool for solar farm operation and 
management. 
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5 RESULT AND DISCUSSION 


Figure 4. Real-time data. 


The real-time data from the device is shown in the Figure 4 as depicted in the image, provides 
insightful metrics on various electrical parameters. These include solar power, Inverter power, 
Grid power, and Battery Voltage. Such comprehensive data is instrumental in evaluating the 
efficiency, performance, and health of solar inverters in real-time, enabling timely interven- 
tions for maintenance or optimization to ensure uninterrupted and efficient energy conversion. 
This data- driven approach significantly enhances the reliability and sustainability. 
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Figure 5. Inverter output. 


This gives us the inverter voltage, current and power. Inverter data is the amount of load 
consumed by the devices connected to the inverter (Figure 5). 
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Figure 6. Solar power. 


This gives us the solar voltage, current and power. The observation from the graph is that 
during day time all the values are at peak and during night all the values are at zero 


(Figure 6). 
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Figure 7. Grid power. 
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This gives us the grid voltage, current and power. From this graph we can observe that 
when there is no solar power and if there is load consumption the grid power consumption is 
observed (Figure 7). 
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Figure 8. Battery voltage. 


There is no change observed in the graph as the inverter will consume battery if there is no 
solar as well as grid (Figure 8). The graphical representation of a full day’s energy con- 
sumption and generation pattern, as depicted in the provided images, offers valuable insights 
into the performance of solar inverters. The inverter value, representing the power consumed 
by the load, is supplied primarily by solar power during daylight hours, with grid power 
serving as a backup. The device’s purpose is to monitor current and voltage parameters from 
the solar off-grid inverter using a smart tracking device. It extracts live current and voltage 
parameters and transmits this data to a dashboard via a GSM module (3G/4G) for data 
retrieval.The solar farm usage is monitored, and a cost-effective device is introduced to 
track, monitor, and maintain the solar farm, which is in a remote area. The platform 
developed is used to monitor and track real-time data from parameters like solar, inverter, 
grid, and battery’s voltage measured from the remotely located solar farm.The result of this 
analysis is to monitor the solar farm completely located in a remote area through cellular 
technology (such as 3G, 4G) to the dashboard. 


6 CONCLUSION 


This proactive approach significantly mitigates downtime and reduces maintenance costs. By 
providing real-time data on energy production and consumption, the device optimizes the 
operation of the solar farm, leading to increased energy efficiency and reduced waste. The 
use of a GSM module for data transmission and storage ensures the security of the collected 
data, which is crucial for maintaining the privacy and integrity of the data.The device’s 
contribution to the broader goal of reducing carbon emissions and combating climate 
change aligns with global sustainability goals and enhances the social and environmental 
impact of the solar farm. The device can be used in additional applications like electric 
vehicles, solar pumps, and agricultural resources monitoring. 
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ABSTRACT: This paper describes an improved method for managing power quality at the utility 
end of an electrical network that produces electricity using renewable energy sources. The widespread 
usage of irregular loads in many electrical industrial applications, including switched-mode sources, line 
conversion devices, and bridge rectifier devices, is the root cause of power quality problems. These 
loads introduce harmonic currents into the electrical grid, leading to non-sinusoidal currents and vol- 
tages with diverse disturbances. The influx of these harmonic elements into the power supply adversely 
impacts power systems, resulting in disturbances and noise at the user end. Consequently, the quality of 
electrical power has emerged as a crucial consideration in recent decades. It explores the role of active 
power filters as effective devices for enhancing power quality, akin to their role in reactive power 
compensation. Using synchronous reference frame theory, this study presents the results of using a VSI 
topology in a Shunt Active Filter. This technology allows for harmonic suppression within the 
acceptable limits of IEEE-519. 


Keywords: Non-linear loads, Active Filters, Shunt Active Filter, Synchronous Reference 
Frame Theory, Inverter, Power Quality and Harmonics 


1 INTRODUCTION 


A grid-integrated solar PV system involves connecting solar photovoltaic (PV) panels to the grid. 
The integration of photovoltaic systems with the grid can lead to power quality issues. 
Additionally, the grid may experience harmonic distortions due to the electronic converters used 
in PV inverters. Voltage sags and swells can occur, impacting the quality and reliability of power 
supplied to connected loads .Furthermore, the integration of PV systems may introduce rapid 
changes in power generation, leading to issues with frequency stability. In some cases, the grid 
may also face issues of the reverse flow of power during times of excess PV generation. 
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2 LITERATURE REVIEW 


In [1-4] to optimize power transfer for DC/AC conversion and DC/DC step-up, various topolo- 
gies are at your disposal. Two popular topologies are the boost converter and the cascade 
converter. 

In [5-8] the most often used among these is the boost converter. This is due to its ease of use, 
effectiveness, and minimal element and control technique requirements. This configuration, which 
uses a Maximum Power Point Tracking (MPPT), connects the converters to the DC/DC con- 
verter’s output. The MPPT increases the system’s overall efficiency and guarantees that the PV 
panels provide the most power possible by continually changing the load impedance . 

In [9-13] non linear loads at the point of common coupling (PCC) distort AC voltage wave- 
forms, affecting other loads on the grid and causing an imbalance in transmission and generation. 
To remedy this, active filters offer solutions by addressing issues related to imbalance, harmonics, 
and reactive power.Active harmonic filters with different current management schemes have 
become common due to developments in semiconductor devices. 


3 PV PANELS 


When placed in sunlight, a solar cell basically a p-n junction photovoltaic cell absorbs more energy 
over its spectrum.The amount of hole-electron pairs produced by this absorption has a relationship to 
the resulting radiation levels [14-15]. The internally generated electrical charges of the p-n junction 
affect these carriers, causing a photocurrent to arise that is proportionate to solar insulation. Notably, 
temperature and radiation intensity have an impact on PV cells non-linear properties (Figure 1). 


Rs 


Figure 1. Photovoltaic system model with a single diode. 


Photovoltaic cells produce a maximum of 3W at 0.5 to 0.6 Volts, therefore in order to create 
enough power, they are linked in series. The PV panel array’s terminal equations for voltage and 
current are provided under: 


I= Ip- (la + I) (1) 
Va Vv T Ipy Rs 
Ip = n (2) 
Rp Rp 
Vo + Ipy-Rs Vp + Ipv-Rs 
I = Ip — lh [exp py tip 1 (Vov + tpv-Rs) (3) 
V, R, 


where 


I,y= current produced by light 
V y= Terminal voltage of the cell 

I, = Current flowing through the diode 
I, = shunt current 

R, = Series Resistance 


R, = shunt Resistance 


When it comes to electronic equipment such as diodes, Vc stands for voltage across the diode 
and Ic for current flowing through it. The thermal voltage, or Vt, is a key quantity in 
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semiconductor physics that represents the energy level in the semiconductor material at a parti- 
cular temperature. Equation (4) is commonly utilized in its calculation. 


pa (4) 
q 
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Figure 2. Block representation of boost converter. 


Notably, the boost converter outputs a voltage higher than its input, with the input current being 
equivalent to the inductor current, resulting in a non-discontinuous nature, unlike the buck converter. 
This characteristic relaxes the input filter requirements. Utilizing solar panels with high ratings can 
reduce the necessity for the boost converter and save switching losses. To ensure the output voltage 
and frequency satisfy grid standards, the proposed plan employs a Pulse Width Modulated (PWM) 
Voltage Source Inverter in conjunction with phase control and d-q theory (Figure 2). 


5 ACTIVE FILTERS 


One of the biggest problems that utilities face is harmonics, which cause voltage distortion. They can 
cause resonance, line loss, reactive power, equipment heating, and other issues that might jeopardize 
the stability of the system. Active filters show up as a useful way to lessen problems caused by 
harmonics. Active filters do away with worries about harmonic resonance, in contrast to passive 
filters. When applied to nonlinear loads with time-dependent harmonics, these filters are especially 
helpful. At the plant-utility PCC interface, several topologies including shunt, series, and hybrid 
active filters with CSI and VSI inverters are thought to satisfy IEEE 519 harmonics requirements. 


5.1 Shunt active power filter 


For low to medium industrial loads, shunt active filters provide an affordable option without resulting 
in problems with power factor displacement. Supply-side inductance has little effect on the harmonics’ 
capacity to be compensated, and a simple current control strategy is used to implement them. Shunt 
active filters also offer protection against ambient harmonic loads. They provide a rather simple and 
affordable option for protection and sequencing, doing away with the need for pricey isolation and 
switchgear. Furthermore, by paralleling units, these filters are easily scaled for greater KVA loads. 

The active shunt filter is an inverter made of integrated gate bipolar transistors (IGBTs) with a 
200A rated current and a switching frequency of 20,000 Hz. The active filter can handle currents up 
to 170 Amp and has an output voltage of Vp = 380 V. When operating from a nominal 415V 
supply, the Shunt Active filter’s DC bus voltage is Vde = 620. A capacitance of 1.5 mF is employed 
in the de bus. Lf = 3504H is the inductance of the inverter’s output filter. 


Ac POWER 


Figure 3. Active shunt filter coupled to a non-linear load. 
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5.2 Reference frame theory 


A theory-based d-q model for SAPF using a synchronous reference frame. The three-phase cir- 
cuit’s instantaneous voltage and current can be described mathematically in space vector form. As 
illustrated in Figure 4, these three vectors, R, Y, and B, are offset from one another by an angle 
of 1200. 


Figure 4. Synchronous reference frame represented in vectors. 


This research presents a theoretical framework for synchronous reference frame d-q models in 
SAPF. A mathematical expression in space vector form can be used to represent the three-phase 
circuit’s instantaneous voltage and current. Figure 5 shows that the three vectors R, Y, and B are 
1200 degrees apart. 


Figure 5. Schematic of a synchronous reference frame theory-based closed-loop current control 
system. 


The specific values of a PV module are mentioned below. 


Table 1. Specified details of PV module. 


The Parameters of the PV Panel at STC Values 
Voc (V) 65.45 
Isc (A) 5.86 
VMPP (V) 62 

I MPP (A) 5.8 
Voe(Yo/deg.C) -0.32 
I,.(Yo/deg.C) 0.42 


6 SIMLATION RESULTS 


The Matlab simulation results of a Grid-Connected SAF were displayed in below Figures. 
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6.1 Simulation case- 1 (Without SAF) 
Figure 6 shows the simulation output of a system without a shunt active power filter, and Figure 7 
shows the simulated output’s total harmonic content after FFT analysis. 


6.2 Simulation case- 2 (With SAF) 


Figure 6. I, without shunt active filter. 


FFT analysis 
Fundamental (50Hz) = 2.914 , THD= 26.23% 
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Figure 7. FFT analysis for total harmonic distortions in load current. 


Figure 8 depicts the simulation output of a system with a shunt active power filter and Figure 9. 
depicts the total harmonic content of the simulated output and is analysed using FFT analysis. 
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Figure 8. Load current with shunt active filter. 


Fundamental (50Hz) = 2.925 , THD= 5.97% 


Mag (% of Fundamental) = 
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Figure 9. FFT analysis for total harmonic distortions in load current. 
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7 CONCLUSION 


In this paper Photo-Voltaic panels are integrated in series and parallel for the purpose of matching 
the grid . A parallel connection raises the level of current. In this DC supply is converting in to AC 
supply by using an inverter. The inverter is controlled by discrete PWM signals in order to provide 
active power to the grid. The nonlinear load on the utility side is causing a harmonic injection in 
the grid. In order to lower harmonics, the IEEE 519 standards recommend using a shunt active 
filter with VSI design. For improved outcomes, a synchronous reference frame for the current 
control system is put into place. A brief analysis is done on the rating and control of active filter 
functioning. To satisfy systems performance targets, key terms such as ripple suppression DC bus 
voltage and switching frequency are addressed. 
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ABSTRACT: This survey explores the impact of Generative Artificial Intelligence (AI) on 
creative expression, primarily lyric, rap, and poetry generation, voice synthesis, and music, 
and examines various systems employing deep neural network architectures to generate 
musical and literary compositions. In lyric generation, LSTM networks’ success in capturing 
genre-specific linguistic features is discussed. For rap composition, methodologies like 
LSTM-based models, prediction models, and Transformer-based autoregressive models are 
examined. In poetry generation, Hafez is highlighted for its three-step process involving 
related rhyme word search, FSA creation, and RNN-based poem generation. Voice synth- 
esis studies feature Diffsinger, GAN-based singing voice synthesis, and deep autoregressive 
networks. Additionally, MuseGAN and Learn2Sing, works that address multi-track poly- 
phonic music and individualized singing voice synthesis, are studied. The data and model 
training section outlines diverse sources and preprocessing techniques used in different art 
generation models. Beyond RNNs and LSTMs, potential alternatives like Markov models, 
VAEs, HRED, GRUs, Transformer architectures, and GAN variants are examined for their 
scope in enhancing coherence, fluency, and possibly creativity in generated content. This 
work overall emphasizes the diversity of methodologies employed and suggests potential 
avenues for future research in generating structured poetic and artistic content. 


Keywords: Generative Artificial Intelligence (AI), LSTM networks. Voice synthesis, Markov 
models, Structured poetic contend 


1 INTRODUCTION 


In the ever-evolving landscape of Generative Artificial Intelligence (AI) and creative 
expression, this comprehensive survey explores the intricate intersection of technology and 
artistic innovation. The survey prominently focuses on lyric, rap, and poetry generation, 
alongside voice synthesis and music, unraveling the transformative impact that Generative 
AI has brought to these domains. Lyric generation endeavors to algorithmically craft 
melodic expressions, showcasing the prowess of Generative AI in infusing creativity into the 
musical realm. Rap composition undergoes a technological metamorphosis as Generative AI 
captures the rhythmic and emotive essence inherent in this popular art form. Poetry synth- 
esis, propelled by Generative AI, reimagines traditional forms, introducing coherence and 
adherence to poetic structures through advanced algorithms. Delving into voice synthesis, 
innovative methods within Generative AI, ranging from shallow diffusion mechanisms to 
the integration of generative adversarial networks, reshape the synthesis of musical voices. 
The survey serves as a testament to the transformative potential at the nexus of Generative 
Al and art, spotlighting the synergistic power that arises from the convergence of AI and the 
nuanced intricacies of music creation. 
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2 TEXT GENERATION: WORKING, GENESIS AND BREAKDOWN 


Text generation is a process where an AI system produces written content, imitating human 
language patterns and styles. The process involves generating coherent and meaningful text that 
resembles natural human communication. It is a sequential process that begins with the selection 
and preparation of a diverse and representative dataset. This dataset is then used to train a deep 
learning model, often employing architectures like Recurrent Neural Networks (RNNs), Long 
Short-Term Memory (LSTM) networks, Gated Recurrent Units (GRUs), or Transformer 
models. During training, the model learns patterns, relationships, and contextual information 
present in the text data. Tokenization breaks down the text into smaller units, usually words or 
characters, and embedding techniques convert them into numerical representations. After train- 
ing, the model enters the inference phase, where it takes an initial input or seed and generates 
subsequent elements in the sequence. This involves using the learned patterns to predict the next 
word or character. Text generation models are trained on existing text data. Hence, they generate 
new content by combining and rearranging existing patterns and phrases. While they can produce 
unique combinations, the generated text is ultimately based on what the model has learned from 
the training data. Post-generation, the output could undergo evaluation, involving both auto- 
mated metrics and human judgment, to assess coherence, relevance, and overall quality. 


3 EXISTING TRENDS 


When it comes to poetry, lyrics or rap music, the content follows a certain discipline, a 
certain format and structure, and creates a certain emotional impact. They involve nuances 
specific to each genre, emphasizing artistic elements, rhythm, and cultural context. Factors 
beyond linguistic accuracy, such as emotional impact, creativity, and alignment with genre- 
specific conventions are to be considered when working with lyrics or poetry generation. 
Works that came out in recent years are discussed below. 


3.1 Lyric generation 


Lyrics generation is the task of creating lyrics automatically, using various methods such as 
neural networks, rule-based systems, or statistical models. One of the challenges of lyrics 
generation is to make the lyrics coherent, consistent, and relevant to the melody, genre, and 
theme of the song. Another challenge is to make the lyrics rhyme, follow a certain rhythm, 
and match the syllable count of the melody. There are many existing systems and research 
papers that explore different aspects of lyrics generation. For example, Gill uses LSTM 
networks for generating genre-specific lyrics, investigating the neural network’s ability to 
capture unique linguistic features in various musical genres. The LSTM model demonstrates 
success in generating genre-specific lyrics, particularly in rap, pop, and rock. Despite lim- 
itations, it maintains promising linguistic similarities [1]. Melody-conditioned Lyrics 
Generation via Fine-tuning Language Model and its Evaluation with ChatGPT is a paper 
that proposes a novel approach that combines a melody-encoder-syllable-decoder archi- 
tecture with a fine-tuned language model. Dhandapani discusses using multilayer, bidirec- 
tional LSTM networks with BERT to improve songwriting by learning from established 
artists and fostering creative expression [2]. Matheus Augusto G. Rodrigues explores the pre- 
trained GPT-2 model for generating song lyrics after fine-tuning on lyric corpora. It aims to 
analyze the quality and patterns of generated poetic text samples. The models generated 
grammatically and semantically coherent lyric excerpts in both languages [3]. 


3.2 Rap generation 


Rapping is an artistic form of vocal delivery and emotive expression that incorporates “rhyme, 
rhythmic speech, and commonly street vernacular. It is usually performed over a backing beat or 
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musical accompaniment. With the rapid development of artificial intelligence, automatic rap 
lyrics generation has drawn attention from academia and tech savvies that happen to be into 
music. Generally speaking, rap lyrics need to be semantically meaningful and fashionable to 
convey interesting stories or express feelings. Generating rap lyrics with good rhymes and 
rhythms is a troublesome problem. However, some systems currently in use seem to have devised 
ingenious ways to leverage some of the distinctive features and patterns seen in rap lyrics in order 
to produce high-quality content that would be considered lyrical mastery. Peter Potash et al. 
used a long short-term memory (LSTM) neural network language model trained on an artist’s 
lyrics to generate text by introducing newline and verse end tokens so that the model learns 
rhyme schemes and verse structure. This produced better lyrics than the n-gram baseline model 
[4]. Various different rhyme types, such as perfect rhyme, alliteration, and consonance, are 
employed in rap lyrics, but the most common rhyme type, due to its versatility, is the assonance 
rhyme. In a perfect rhyme, the words share exactly the same end sound, as in “honey — money,” 
whereas in an assonance rhyme only the vowel sounds are shared. For example, words “daisy” 
and “baby” have different consonant sounds, but the vowel sounds are the same. Eric Malmi 
et al. developed a prediction model to identify the next line of existing lyrics from candidate lines, 
using RankSVM and a novel deep neural network model, and employed this model to generate 
new lyrics by combining lines from existing songs, with the goal of producing lyrics with rhyme 
and meaning, and took assonance into account for accuracy [5]. Langing Xue et al. designed a 
Transformer-based autoregressive language model which carefully models rhymes and rhythms. 
Specifically, they generated lyrics in the reverse order with rhyme representation and constraint 
for rhyme enhancement and insert a beat symbol into lyrics for rhythm/beat modeling [6]. 


3.3 Poetry generation 


In the era of advancing technology and creative innovation, the art of poetry has found a new 
frontier through the capabilities of poetry generation. Different types and structures of poetry can 
now be replicated and trained on robustly to generate unique works with the power of AI. 
Existing works employ algorithms like LSTMs and RNNs for poetry generation. Ghazvininejad, 
M. et al. devised a system involving vocabulary selection, related word computation, rhyme word 
selection, and finite-state acceptor (FSA) construction, and employed an RNN language model 
for path extraction through the FSA, adhering to formal rhythm constraints [7]. Building this 
poetry generation system, Hafez, outlined a three-step process involving related rhyme word 
search, FSA creation, and RNN-based poem generation [8]. The current works prefer, and are 
employing LSTMs due to their ability of capturing long-term dependencies and enhanced 
memory retention. Xiaoyuan Yi et al. addressed this challenge in automatic poetry generation by 
introducing a Working Memory model inspired by cognitive psychology. The model maintained 
user topics and limited history, dynamically guiding the generation process to ensure relevance, 
natural expression, and coherence in meaning and theme [9]. To retain the rhyme scheme, format 
and grammatical structure, and generate coherent and meaningful verses, methods like reverse 
order generation and n-gram rhymes could also be tried for poetry generation, as inspired by 
some of the methodologies employed in rap lyrics generation systems. 


3.4 Voice synthesis and music 


Voice synthesis, a notable advancement in audio technology, entails the artificial reproduction of 
human-like vocal sounds. This technological domain intersects significantly with music genera- 
tion, particularly in the context of synthesizing singing voices. Jinglin Liu et al. introduce 
Diffsinger, which employs a shallow diffusion mechanism to achieve high-quality singing voice 
generation. The study underscores the nuanced characteristics of Chinese music through the 
utilization of a parameterized Markov chain and an iterative process that converts noise into a 
mel-spectrogram, conditioned on music scores [10].Contributing to the field, Yukiya Hono et al. 
enhance singing voice synthesis by integrating a generative adversarial network (GAN) into a 
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deep neural network (DNN) framework. The research addresses challenges associated with over- 
smoothing in conventional DNN-based systems, highlighting the efficacy of conditional gen- 
erative adversarial networks (CGANSs) [11]. Yuan-Hao Yi et al. tackle the complexities of singing 
voice synthesis by implementing deep autoregressive (DAR) neural networks. The primary focus 
revolves around the precise prediction of FO and spectral features. DAR-based models exhibit 
superior performance in both objective and subjective evaluations [12]. In their contribution, 
Xulong Zhang et al. present SUSing, aiming to enhance singing voice synthesis through the SU- 
net architecture, complemented by a stripe pooling module. Experimental validation establishes 
the superiority of SUSing over baseline methods, achieving remarkable Mean Opinion Scores 
(MOS) for sound quality and naturalness [13]. Hao-Wen Dong et al. propose MuseGAN, a 
generative adversarial network (GAN) model tailored for multi-track polyphonic music gen- 
eration. The model’s focus lies in producing coherent musical phrases with multiple inter- 
dependent tracks, effectively capturing harmonic structure, rhythmic patterns, and temporal 
dynamics [14]. Addressing the specific challenge of singing voice synthesis for target speakers 
without their individual singing data, Heyang Xue et al. introduce Learn2Sing. This distinctive 
approach leverages a singing teacher’s corpus and speech from multiple target speakers, show- 
casing significant improvements in singing performance through the integration of LFO and 
domain adversarial training [15]. Gao et al. (2018) propose VoiceGAN, utilizing generative 
adversarial networks (GANSs) to effectively mimic a target speaker’s voice quality and style, 
showcasing promise for voice impersonation [16]. Lee et al. (2018) introduce a model building on 
Tacotron TTS, enabling voice imitation with minimal training data through a speaker embed- 
ding network [17]. Neekhara et al. (2021) contribute an expressive voice cloning system allowing 
control over speaking style, demonstrating high-quality expressive speech for unseen speakers 
[18]. Lee and Town (2020) address the reproducibility of GAN research, providing standardized 
implementations and evaluations for popular GANs [19]. Finally, Betker (2023) advances 
speech synthesis through scaling, introducing the TorToise system, which outperforms previous 
TTS systems in producing high-quality, expressive speech [20]. Together, these studies collec- 
tively contribute to the evolving landscape of artificial intelligence, offering insights and meth- 
odologies for enhancing voice-related applications and text generation systems. 


4 DATA AND MODEL TRAINING FOR GENERATION SYSTEM 


Table 1. Training data details. 
Model Data for training Author 
Ai-Lyricist 7,000 music—lyrics pairs Ma, X. et al. 
UniLG 249,007 lyrics (Lyric-template dataset), 8,000 songs for Qian, T. et al. 
validation, 8,000 songs for test, remaining songs for 
training 
Multi-Genre Datasets from six genres, evaluated using cosine Gill H. et al. 


Model similarity for linguistic metrics 

MuseGAN Over 173,000 piano roll segments derived from MIDI Hao-Wen Dong 
files et al. 

DEEPRapper Large rap lyric dataset with aligned beats obtained Lanqing Xue et al. 


Lyrics-to-Audio 


through an automated mining pipeline 
Trained on 50 hours of solo singing data, adapted using a 


Chitralekha Gupta 


Alignment small polyphonic dataset et al. 

Lyrics Fine-tuned on English and Portuguese lyrics dataset Matheus Augusto 
generation extracted from lyric websites G. et al. 

model 

DopeLearning Scraped songs from 104 popular English-speaking rap Eric Malmi et al. 


artists, totaling 583,669 lines from 10,980 songs 
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5 FUTURE SCOPE 


The existing systems and methodologies for poetry, lyrics, and rap generation majorly 
employ RNNs, LSTMs from the deep learning model family. Most recent works seem to 
employ SeqGANs for lyrics generation purposes. Apart from just these three algorithms, 
there are other notable text generation algorithms and architectures that haven’t yet been 
tried, but could easily be built on and incorporated in systems constructed for this purpose. 


5.1 Other algorithms with scope 


In the family of deep learning models, Markov models, especially higher-order Markov 
models, can capture the probabilistic relationships between words and generate text based on 
learned transitions. Variational Autoencoders (VAEs) can be used for generating diverse and 
creative text by sampling from the learned latent space. Models like the Hierarchical 
Recurrent Encoder-Decoder (HRED) can be used for generating structured and hierarchical 
text, which could be beneficial for certain types of poetry. Angela Fan et al. explored story 
generation using Hierarchical neural networks, with a focus on improving coherence and 
fluency over long passages of text [22]. They proposed a hierarchical model that first gen- 
erates a premise, then transforms it into a full story passage. Gated Recurrent Units (GRUs), 
another type of recurrent neural network (RNN) architecture, that are similar to Long 
Short-Term Memory (LSTM) networks, can be used for lyrics, rap, or poetry generation. 
They are designed to address some of the limitations of traditional RNNs, such as the 
vanishing gradient problem. Among GANs, Feature-Aware Conditional GAN (FAGAN), 
a special type of GAN that can be used for controllable category text generation [23], can be 
used to generate novel, and realistic sentences with specified categories and can be incor- 
porated into artistic content generation systems. Transformer architectures, a class of deep 
architecture models, are effective for text generation, and models like GPT-3, GPT-2, 
Transformer-XL, XLNet, and T5 can be adapted for creative writing tasks as well. 


6 CONCLUSION 


Upon thoroughly surveying the existing systems in the field of lyrics, rap, and poetry,it was 
observed that LSTMS, RNN, and in some recent works SeqGANs, have also been used 
frequently. Many significant methodologies were devised to generate coherent, meaningful 
and artistic content. Apart from the aforementioned algorithms, deep learning models and 
architectures like Markov models, VAEs, HRED, GRUs, Transformer architectures and 
models like GPT-3, GPT-2, Transformer-XL, XLNet, and T5, and FAGAN from the GAN 
family, could have significant scope as well. These algorithms can be fine-tuned to generate 
structured poetic and artistic content, and possibly thought provoking too. 
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environments: A comprehensive review of issues and solutions 


G. Charan, G. Sivateja, M. Karthik Sarma & Sabyasachi Kumar 
UG Scholar, Koneru Lakshmaiah Educational Foundation, Guntur, India 


ABSTRACT: With the numerous acoustic interferences that deteriorate speech signal 
quality, speech detection in loud situations is extremely difficult. The research discusses how 
various noise sources, including reverberation, ambient noises, and background conversa- 
tion, affect the accuracy and intelligibility of speech. It also explores the shortcomings of 
current speech recognition systems in managing noisy environments and highlights major 
issues such as speaker variability, noise resilience, and real-time processing restrictions. 
Operating in noisy situations, where background noise, reverberation, and other acoustic 
interferences deteriorate the quality of voice signals, presents substantial hurdles for speech 
recognition systems. This study provides an extensive overview of noise-robust speech 
recognition methods with an emphasis on strategies and tactics to enhance system perfor- 
mance under challenging acoustic circumstances. A comprehensive review of current stra- 
tegies and tactics for noise-robust voice recognition is given, including machine learning 
algorithms, feature extraction strategies, and signal processing techniques. These include, 
among other things, robust feature extraction strategies, noise reduction algorithms, feature 
enhancement techniques, and model adaption methodologies. 


Keywords: Speech Recognition, Noise Robustness, Noise Suppression, Feature 
Enhancement, Robust Feature Extraction, Machine Learning, Deep Learning 


1 INTRODUCTION 


Speech recognition technology is being used in more and more aspects of our daily lives. 
Examples of its uses include voice-activated gadgets, dictation software, virtual assistants, 
and automated customer support systems. Even though voice recognition technology has 
advanced significantly in recent years, noisy settings continue to provide substantial hurdles 
for speech recognition systems. Reverberation, background noise, and other acoustic inter- 
ferences can significantly impair speech recognition systems’ functionality, resulting in 
decreased precision and dependability. 

Speech recognition systems may find it challenging to recognize speech due to spectrum 
distortions, temporal changes, and masking effects introduced by background noise from 
sources including equipment, traffic, HVAC systems, and human conversation. 


2 CHALLENGES OF SPEECH RECOGNITION IN NOISY ENVIRONMENTS 


With the intrinsic unpredictability of speech signals and the intricate interaction between 
different noise sources, noise-robust speech identification poses challenges. Among the 
principal difficulties are: 
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2.1 Background noise 


It is still quite difficult to distinguish speech from background noise, especially in places 
where there is a lot of ambient noise from things like crowds, vehicles, and equipment. voice 
recognition systems may find it challenging to reliably transcribe spoken words when 
background noise is present because it can obstruct voice signals. 


2.2 Reverberation 


Speech transmissions can lose quality due to reverberation, which is brought on by sound 
waves reflecting and reverberating in reflective or confined spaces. Reverberation may be 
difficult to deal with since it can impair voice clarity and intelligibility, particularly in big 
rooms or other reverberant places. 


2.3 Speaker variability 


Due to changes in accent, dialect, speaking rate, and vocal features. This is because models 
need to be able to generalize across different speaker demographics and linguistic variants. 
Speaker fluctuation, especially in multi-speaker situations, deteriorates recognition system 
performance. (Figure 1) 
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Figure 1. Increasing the accuracy of speech recognition in noisy settings. 


2.4 Real-time processing 


Speech recognition algorithms’ computing complexity and latency are the demands of real- 
time processing. It is difficult to achieve real-time, low-latency performance (Figure 2). 
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Figure 2. End-to-end noisy speech recognition employing hilbert spectrum and fourier analysis 
features. 


3 METHODS AND ALGORITHMS 


Different accuracy and resilience of voice recognition systems in the field of noise-robust 
speech recognition. To successfully handle noise and other environmental influences, these 
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algorithms combine statistical models, machine learning techniques, and signal processing 
techniques. Several important algorithms for noise- robust voice recognition are as follows: 


3.1 HMMs 


Conventional speech recognition systems relied heavily on HMMs. They are frequently used 
in conjunction with Gaussian mixture models (GMMs) to describe the probability dis- 
tributions of speech sounds. They model the temporal dynamics of speech signals and 
acoustic characteristics. 


3.2 Gaussian mixture models (GMMs) 


In speech recognition systems, GMMs are frequently employed to simulate the statistical 
properties of speech and noise components. By estimating noise models from background 
noise samples, they offer a probabilistic framework for describing the distributions of spec- 
tral characteristics and may be modified to suit different noise levels (Figure 3). 


Figure 3. Speech recognition technology adaptable to service changes. 


3.3 Hidden Markov model-deep neural network (HMM-DNN) 


HMM-DNN hybrids combine the temporal modelling capabilities of HMMs with the fea- 
ture representation learning power of deep neural networks (DNNs). DNNs are used to 
estimate posterior probabilities of speech features given HMM states, leading to improved 
discriminative power and robustness to noise. 


4 METHODOLOGIES 


4.1 Noise suppression 


Algorithms to preprocess voice signals and reduce background noise a popular methods. 
These algorithms seek to separate the audio signal’s speech and noise components, sup- 
pressing the latter while keeping the speech information intact. 


4.2 Feature enhancement 


To increase the discriminative capacity of speech recognition models, feature augmentation 
approaches concentrate on obtaining noise-robust features from speech signals. This entails 
the extraction of spectral characteristics that are more resilient to changes in acoustic cir- 
cumstances and less susceptible to noise, such as Gammatone filter bank features, 
Mel-frequency cepstral coefficients (MFCCs), and perceptual linear prediction (PLP) coef- 
ficients (Figure 4). 
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Figure 4. ASR speech preprocessing. 
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4.3 Robust feature extraction 


By simulating the acoustic aspects of noisy environments or integrating domain-specific 
information, robust feature extraction techniques seek to improve the noise robustness of 
feature representations. Improve the separability of speech and noise components, this may 
entail leveraging temporal dynamics, adding contextual information, or using robust feature 
modifications. 


5 APPROACHES AND TECHNIQUES 


Many methods and strategies are used in the field of noise-robust voice recognition to lessen 
the effects of noise and raise the precision of speech recognition systems. These methods 
cover a wide range of tactics, such as signal processing methods, feature extraction strategies, 
and machine learning algorithms. Some key techniques and approaches for noise-robust 
speech recognition include the following: 


5.1 Noise suppression 


Using algorithms to lower background noise in voice signals is one of the basic techniques 
known as noise suppression. Adaptive filtering, Wiener filtering, and spectral subtraction are 
common methods for attenuating noise while maintaining the components of speech signals. 


5.2 Feature enhancement 


To increase the discriminative capacity of speech recognition models, feature augmentation 
approaches concentrate on obtaining noise-robust features from speech signals. This entails 
the extraction of spectral characteristics that are more resilient to changes in acoustic cir- 
cumstances and less susceptible to noise, such as Gammatone filter bank features, Mel- 
frequency cepstral coefficients (MFCCs), and perceptual linear prediction (PLP) coefficients. 


5.3 Reduced operational overhead 


Infrastructure management responsibilities including server deployment, setup, and main- 
tenance are abstracted away by serverless systems. Development teams will have less 
operational work to do as a result, freeing them up to write code and provide value to the 
company rather than worrying about maintaining servers or infrastructure. 


5.4 Integration of contextual information 


Speech recognition systems can function better in noisy contexts by including contextual 
information, such as language models or speaker context. This might entail utilizing 
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speaker- specific data to tailor the recognition process to the speaker’s vocal qualities or 
limiting the search space using language models. 


6 RESULT AND ANALYSIS 


In noise-robust speech recognition research, the results and analysis section typically pre- 
sents the performance evaluation of proposed algorithms or systems in addressing the 
challenges of noise interference. Here’s how such a section might be structured: 


6.1 Performance evaluation metrics 


Let’s start by outlining the assessment indicators that are used to gauge how well the noise- 
robust speech recognition system is doing. Word error rate (WER), phoneme error rate 
(PER), accuracy, and precision- recall curves are common measures. 


6.2 Quantitative analysis 


Provide numerical data illustrating the system’s performance under various noise scenarios. 
Provide tables or graphs that provide WER or other pertinent metrics for a range of settings, 
kinds, and noise levels. Talk about how the system performs differently in various noise situations. 


6.3 Qualitative analysis 


Give a qualitative examination of the system’s operation by demonstrating voice samples in 
noisy conditions that were detected properly and erroneously. Explain any patterns or trends 
found in the system’s mistakes and talk about possible causes of misidentification. 


7 CONCLUSION 


To sum up, noise-robust speech recognition is still an important but difficult field of study, 
with broad implications for a variety of real-world applications. This study has offered a 
thorough analysis of the difficulties, strategies, tactics, and developments in the area, illu- 
minating the strides made and the obstacles still to be cleared. 

Notably, convolutional neural networks (CNNs), recurrent neural networks (RNNs), and 
attention mechanisms—three recent developments in deep learning—have demonstrated 
promise in the direct learning of noise-robust voice representations from data. These devel- 
opments have created new opportunities for the development of more resilient and flexible 
can deal with a variety of dynamic noise environments. Looking ahead, there are several 
chances for more study and development of noise-robust voice recognition. To progress the 
state-of-the-art in the subject, future work should concentrate on tackling outstanding issues 
such as multi-modal fusion, dynamic noise adaptation, and rigorous assessment approaches. 
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ABSTRACT: Malaria is a severe and contagious disease worldwide. The disease is trans- 
mitted through Anopheles mosquitoes, specifically females. The World Health 
Organization’s (WHO) report unveiled that there were 0.228 billion cases and around 
567,000 deaths due to malaria in 2018. In 2022, cases rose to 0.249 billion, deaths rose to 
around 608,000. Detection of malaria parasites at preliminary stages can reduce the mor- 
tality rates. The two supremely used traditional methods of malaria testing are RDTs and 
light microscopy. However, the traditional methods are tedious, prone to errors, rely on 
manual labor, and require specialized pathologists. Automated systems using image pro- 
cessing, deep learning, and machine learning can be devised for the rapid and efficient 
diagnosis of the disease. This work describes the comprehensive study of several already 
existing computer-aided diagnostic approaches and models in this area aiming to pave the 
way for enhanced and accelerated malaria identification in the upcoming years. 


Keywords: Malaria, Light Microscopy, RDTs, ML, SVM, Image Processing, VGG, Deep 
Learning, CNN, DTGCN, Xception, R-CNN, Snapshot Ensemble 


1 INTRODUCTION 


A pernicious disease known as Malaria is mostly found in tropical and subtropical countries. 
The highest transmission is in Africa which lies south of the Sahara and in parts of Oceania 
[15]. The primary carrier of malaria is the Anopheles mosquitoes, specifically females. When 
they feed on the blood of an infected person, they ingest the Plasmodium parasite into their 
body. When the infected female mosquito bites another person to feed on blood, it transmits 
the malaria parasites into the bloodstream, causing the person to become infected with 
malaria. This transmission cycle continues and promotes the propagation of the disease. 
Hence, malaria is a significant global health concern, where Anopheles mosquitoes thrive. 

The five species of the Plasmodium parasite that leads to the disease called Malaria in humans 
are: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium knowlesi, and 
Plasmodium malaria. Plasmodium vivax and Plasmodium falciparum are the ones who pose the 
greatest threat. P. falciparum is the most widespread and deadliest malarial parasite worldwide 
and the one which is rising in power is the P. vivax malarial parasite [15]. The two common 
traditional methods of malaria detection are light microscopy and RDTs. In these manual 
methods, the drop of an individual’s blood is spread out on the testing slide by a laboratory expert 
to examine it under a microscope. Both are cost-effective methods but are time-consuming, error- 
prone, and require expert microscopists who have proficiency in reading the slides. 

So, to curb the problems of the traditional manual methods of malaria detection, to fasten 
the diagnosis, to reduce the burden of the microscopists, and for the detection of the disease 
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in its preliminary stages automated systems are required. Blood film images and microscopic 
images from sample dataset is shown in Figure 1. The graph in Figure 2 depicts the number 
of malaria cases and associated deaths globally from 2018 to 2022. 


Thick Blood Smear Thin Blood Smear 


Figure 1. Blood film images and microscopic images from sample dataset. 
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Figure 2. Trend of malaria cases and deaths from 2018 to 2022. 


2 DISCUSSION 


The field of malaria detection has observed a significant amount of research in the past years, 
particularly focused on automating diagnostic processes. The literature survey performed in 
this paper shows that the malaria detection process can be made flexible and quick by auto- 
mating it through computer-based systems. The dataset is the collection of images, taken from 
the microscope, in the form of blood films (i.e. thin, thick). The entire process is shown in 
(Figure 3). The literature review presented in this paper is synthesized in Table 1 (Figure 4 is a 
graphical representation of Table 1) and Table 2, offering a comprehensive overview. 


3 EVALUATING TECHNIQUES 


The following are the techniques used for evaluating the performance of the models: 
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The variables are: True Positive (tpr), True Negative (tnr), False Positive (fpr), False 
Negative (fnr). 
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Figure 3. 


Table 1. 


S. 
No. Author 


1 Saurav Mishra 
[14] 


2 Vijayalakshmi 
A et al. [5] 


3 Yuhang Dong 
et al. [16] 

4 Sumit Kumar 
[12] 

5 Saiprasath G 
et al. [7] 


6 Amal H. 
Alharbi [3] 

7 Mehedi Masud 
et al. [10] 


8 Rajesh Mayya 
et al. [11] 

9 Ashit Kumar 
Dutta et al. [4] 


10 Aliyu 
Abubakar et al. 
[1] 

11 Amin Alqudah 
et al. [2] 

12  Christonson 
Berin Jones 
et al. [6] 

13 Sen Li et al. 
[13] 


Parasitized 


Classification diagram. 


F- 
Methodology Score 
EfficientNet Transfer 97.97% 
Learning 

EfficientNet Snapshot 99.37% 
Ensemble 

VGG16-SVM 87.05% 
VGG19-SVM 91.66% 
GoogLeNet 97.66% 
CNN - 2 layers - 
Random Forest 64.50% 
AdaBoost 61.10% 
SVM 93.97% 
CLR-triangular2 97.00% 
(CNN using Cyclic 

SGD) 

MobileNet2 95.00% 
BMODTL-BMPC 99.04% 
(Training/Testing - 

90:10) 

VGG16-SVM 94.91% 
CNN (64x64) 98.84% 
CNN-SVM 93.75% 
DTGCN (CNN, 98.30% 


transfer graph building, 


UGCN) 
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Precision 
97.97% 
99.52% 
84.47% 


89.95% 
98.05% 


77.50% 


72.90% 
97.00% 


95.00% 
99.05% 


94.26% 


98.90% 
97.00% 


98.50% 
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Performance evaluation based on different methodologies. 


Sensitivity/ 
Recall 


98.00% 
99.00% 
98.80% 
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97.06% 
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Specificity 
98.00% 
99.00% 
88.81% 


92.92% 
98.69% 


98.50% 


99.05% 


98.90% 
97.00% 


Accuracy 
97.771% 
99.37% 
85.00% 


93.00% 
98.13% 


95.40% 


97.30% 


96.60% 
99.04% 


94.88% 


98.85% 
94.00% 


98.30% 


Table 2. Literature survey. 


S. 

No. Author 

1 Saurav Mishra 
[14] 

2 Vijayalakshmi 
A et al. [5] 

3 Yuhang Dong 
et al. [16] 

4 Sumit Kumar 
et al. [12] 

5 Saiprasath G 
et al. [7] 

6 WHO Malaria 
Report [15] 

7 Amal H. 
Alharbi et al. 
[3] 

8 Mehedi Masud 
et al. [10] 

9 Rajesh Mayya 
et al. [11] 

10 Ashit Kumar 
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Dutta et al. [4] 


Aliyu 
Abubakar 
et al. [1] 


Year 


2021 


2019 


2017 


2023 


2019 


2023 


2022 


2020 


2022 


2022 


2021 


Objective 


Analyzing blood smears 
through a microscope is 
time-consuming. 


Malaria, being 
contagious, needs to be 
identified at its 
preliminary stages. 
Resources like 
specialized pathologists 
are unavailable in 
underdeveloped areas. 


Counting parasitic red 
blood cells manually is 
both error-prone and 
long-drawn-out. 

Less number of trained 
experts and resources. 


Detection of malaria 
using image processing 
is time-consuming 
process. 

Counting the blood cells 
manually is time- 
consuming. 


Traditional methods are 
tedious and prone to 
human errors. 


The conventional 
microscopy technique 
uses the most typical 
comprehension method 
for observing malaria- 
infected cells during 
screening. 

The clinical setting for 
the diagnosis of malaria 
is time-consuming. 


Rise in the count of 
cases but an 
insufficiency of 
diagnostic facilities. 
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Methods Used 


Transfer Learning, 
Snapshot Ensemble 
model 


VGG, SVM 


LeNet,AlexNet, 
GoogLeNet, SVM 


CNN 


Various machine 
learning algorithms. 


RDTs and Light 
microscopy 


XG-Boost, SVM, 
Neural networks 


CNN, SGD 


CNN, Various pre 
trained learning 
approach 


Gaussian Filtering, 
Graph Cuts 
Segmentation, 
Barnacles mating 
optimizer algorithm 
Various Deep 
Convolutional 
Networks 


Outcomes 


Develop a system that 
helps in the precise and 
prompt detection of 
malaria to achieve a 
malaria-free 
environment. 

The integration of 
VGG19-SVM 
outperformed CNN 
models. 

Deep convolutional 
neural networks have 
attained better accuracy 
compared to the SVM 
method and require 
minimal input from 
human experts. 

Even with a 2-layer 
CNN, accurate malaria 
detection can be 
performed. 

The suggested 
methodology identifies 
malaria infection 
through captured 
microscopic images 
without expert 
intervention. 

An expanded vector 
control toolbox is being 
developed. 


The enhanced accuracy 
of DL models shape 
them useful for decision- 
making purposes. 

CNN can efficaciously 
and precisely aid in real- 
time malaria detection 
from input images. 
Inception-V3 and 
MobileNetV2 models 
have better accuracy. 


The BMODTL-BMPC 
method overtops 
alternative recent 
methods. 


Extensive evaluations 
are provided regarding 
precision, recall, 
accuracy, and 
computational time. 


(continued ) 


Table 2. Continued 


S. 
No. Author Year Objective Methods Used Outcomes 
12 Amin Alqudah 2020 Malaria poses a risk to CNN To categorize the 
et al. [2] over 40% of the world’s segmented RBCs into 
population. the classes of infected 


and uninfected, an 
advanced model based 
on CNN + transfer 
learning was used. 

13 Muhammad 2015 The complexity of blood ANN, BPNN Rao’s Automated malarial 


Imran Razzak cells creates challenges method and parasite examination 
[9] in both segmentation bounding box and categorization 
and morphological 
analysis. 
14 Christonson 2022 Difficulty in malaria CNN, SVM The suggested scheme is 
Berin Jones detection due to the precise, helpful, and 
et al. [6] deficient technology and reliable for parasite 
equipment. detection. 
15 Sen Li et al. 2021 In the traditional DTGCN The suggested approach 
[13] method, distinguishing Unsupervised demonstrated superior 
multiple growth stages learning effectiveness when 
remains a challenge. compared to various 


state-of-the-art methods. 


105.00% 
100.00% 
95.00% 
90.00% 
85.00% 
80.00% 
75.00% 


Figure 4. Graphical representation of Table 1 based on accuracy. 


4 CONCLUSION 


The conclusion derived after reading various papers during the literature survey is that 
malaria poses a significant threat to human life if ignored. It must be diagnosed at its 
beginning stages. The traditional and manual methods are iterative, deviation-prone, and 
require well-equipped and well-trained experts to read the blood slides. As a result, there’s a 
pressing need to automate the malaria detection process. It has been found that the DL- 
based models have outperformed the ML-based models. EfficientNet Snapshot Ensemble 
[13], CNN [11], and Xception [8] have attained the utmost accuracy rate. Various models 
based on ML and DL are compared to give clear and wholesome insight to future 
researchers for the advancement of the ongoing models in this field. 
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ABSTRACT: Health insurance has become essential to people’s lives in the modern era due 
to the rise in health problems. For people who cannot afford high fees, receiving emergency 
medical care may present challenges. Health insurance provides financial security against the 
possibility of debt and assists consumers in paying for medical treatments in the event of an 
emergency. Health insurance and its many benefits may give rise to several security, privacy, and 
fraud concerns. Since fraud generates huge costs for governments, corporations, and individuals, 
it has become problem industry in recent years. Therefore, it is essential that national agencies 
and private firms create procedures to identify fraudulent instances and payments. 


Keywords: Block chain, Artificial Intelligence, Healthcare, Insurance Fraud Detection 


1 INTRODUCTION 


The main objective of this project is to detect and eliminate healthcare insurance fraud using 
machine learning and block chain technologies. Health insurance provides financial security 
against the possibility of debt and assists consumers in paying for medical treatments in the 
event of an emergency. Health insurance and its many benefits may give rise to several 
security, privacy, and fraud concerns. And additional security issues with health insurance. 
Protection, Capital Creation, Economic Growth, Risk Sharing, Risk Value, and Savings 
Habits are all addressed. This paper includes a taxonomy of We proposed a secure and 
ingenious AI and block chain technology based method for detecting health insurance fraud. 


2 LITERATURE REVIEW 


Baris Cagirkan [1], et al. The study proposes a novel way to detecting insurance claim- 
related fraud in the healthcare system using sequence mining and prediction tools. Detecting 
fraud in healthcare is extremely difficult owing to the variety and complexity of healthcare 
information. Fraudulent actors frequently imitate ordinary patients and constantly adapt 
their techniques, prompting the development of improved fraud detection algorithms. 
Previous study has largely examined the quantity or sequential patterns of drugs vs dis- 
orders, ignoring sequence creation. However, the suggested technique closes this gap by 
producing sequences of services provided or prescribed by each specialty, allowing for ana- 
lysis via two successive checks for fraud detection. The first module, the “Sequence Rule 
Engine,” creates common sequences and evaluates the likelihood of rare sequences for each 
hospital .The sequences are then compared to real patient sequences to detect anomalies 
cases in which the observed sequences do not match those generated by the rule engine. Any 
disparities indicate possible fraud charge. 
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3 RELATED WORK 


Security concerns and HI fraud detection were not covered in previous studies. Therefore, a 
thorough study that examines the block chain-enabled, safe AI and HI fraud detection sys- 
tem is required. Centralized systems offer some protection, but they are susceptible to mal- 
functions or malicious assaults. HI frauds since they don’t just pertain to fraud patterns that 
have pre-established class names. Every nation takes medical insurance fraud seriously, and 
the patterns of forged behavior differ depending on the circumstances. Because there is a 
middleman broker or agent fee involved, it is less economical. 


4 METHODOLOGY 


Two essential needs for HI are privacy and fraud detection. Consequently, the development 
of safe fraud detection solutions for HIC is increasingly imperative. We’ve covered the pri- 
mary security issues with HIC, their fixes, and our recommended block chain and artificial 
intelligence (AI)-driven design for HIC fraud detection. a block chain-based consortium 
method that guarantees data security, reliability, traceability, immutability, and non- 
repudiation for the management and archiving of medical information. Any insurance plan, 
including HI, can be impacted by fraud. Every year, fraudulent claims cost provider firms 
money that HI safeguards. 


4.1 Sequence diagram 


The sequence diagram is one kind of interaction diagram that shows how and in what order 
processes interact with one another. It’s a particular kind of message sequence diagram, 
sometimes referred to as an event diagram, timing diagram, or event scenery. 


4.2 Use case diagram 


Unified Modelling Language (UML) is a standard general-purpose modelling language used 
in software engineering. The standard is produced and managed by the Object Management 
Group. UML includes a set of graphic notation techniques to create visual models of 
software-intensive systems. This language is used for the specification, visualization, altera- 
tion, building, and documenting of the artefacts of an object-oriented software-intensive 
system that is being developed (Figure 1). 
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Figure 1. Use case diagram. 
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4.3 Activity diagram 


An activity diagram is a graphical workflow representation that allows for choice, iteration, 
and concurrency in a series of sequential tasks and actions. An activity diagram illustrates 
the total control flow. 


4.4 Collaboration diagram 


UML Collaboration Diagrams show how different software elements relate to one another 
and interact. Use cases, system operation contracts, and domain models must already be in 
place for them to work. The cooperation diagram shows how messages are exchanged 
between objects and classes. 


5 MODULES DESCRIPTION 


5.1 Hospital service & patient admission 


Hospital services include the type, volume, frequency, and availability clinical services offered by 
the hospital as well as the operational activities that support them. They also include laboratory 
and ambulance services that are fully or partially funded by the hospital organization. You can 
make more accurate diagnoses and treatment plans when you and your patients have a strong, 
trustworthy relationship. Once a relationship is formed, the doctor owes the patient some duties 
or obligations. It significantly affects patient treatment as well as the general health outcomes of 
patients. They are necessary to give those in need of healthcare services. Admission is the process 
of taking a patient to a ward or hospital for either diagnostic or therapeutic reasons. The 
admissions process to a hospital for care and/or treatment. A hospital schedules a patient’s 
appointment and sends them to a doctor with recommendations for additional care. 


5.2 Health insurance service 


Insurance providers include both public and private insurance firms. The insurance sub- 
scriber who files a request for an HI claim is known as a patient. That tracks the actions of 
each user. This layer is linked to both the block chain and the data producing layer. The 
insurance provider’s service can be used by the hospitals to file a claim. 


5.3 AI based fraud detection 


Fraud can affect any insurance plan, including HI. Fraudulent claims cause HI provider 
firms to lose money every year. In order to keep a profit, insurance companies raise pre- 
miums, which affects reputable insurers. The associated patients’ doctor’s prescriptions will 
be automatically updated in IPFS for additional verification here in our system. In a similar 
vein, the medication details are updated. Security is ensured by the block chain, which stores 
the IPFS hash details. The local database contains the block chain transactional hashes. The 
hashes of insured patient’s will be given to Python during the claim request procedure in 
order to anticipate authenticity. With the help of block chain technology, insurance sub- 
scribers can securely store and transfer HIC data while giving their authorization to share 
their records with all parties participating in HIC. 


6 ALGORITHM DETAILS 


The Classification Algorithms to yield optimal prediction results. To predict heart disease 
using machine learning, we use SVM, KNN, Decision Trees, and Random Forest 
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Algorithms. Datasets are clustered according to the properties of Decision Trees (DT) and 
their variables. The Random Forest technique was discovered to have the maximum effi- 
ciency after an analysis was done using different algorithms. 

Subsequently, the classifiers are employed on every clustered dataset to assess its overall 
performance. Based on their low error rate, the top-performing models are distinguished 
from the aforementioned results. The model returns to output when IPFS returns the zip file 
and slice file variable to the model class. Random Forest Classifier; Decision Trees 
Classifier; Support Vector Classifier; K- Nearest Neighbour; OCR IPFS. Both IPFS and 
block chain are decentralised systems that fulfil different functions, possess unique features, 
and address different use cases. The main goal of IPFS is to establish a decentralised, 
worldwide network for file sharing and storage. Data in IPFS is chunked into blocks, each of 
which is given a Content Identifier (CID), a special identification. Generally speaking, the 
hash of the data and its codec are combined to calculate the CID. 


7 RESULT ANALYSIS 


Healthcare fraud detection system’s results show promise. The clustering module effectively 
discovers patterns in the dataset, laying the groundwork for the future SVM classification. 
The SVM module achieves an impressive 85.33% accuracy, demonstrating its strong ability 
to categorize a wide range of healthcare transactions. The stated 14.6% error rate demon- 
strates the system’s capacity to reduce false positives and negatives (Table 1). The final fraud 
detection module, which focuses on important factors such as age, gender, billing amount, 
claim amount, and particular diseases, displays the system’s ability to identify possible cases 
of fraud. 


Table 1. Comparison table. 


Algorithm Accuracy Error 
Block chain 85.33 14.6 
Sym 70.2 11.41 


8 CONCLUSION 


In conclusion, ensuring the security and privacy of Healthcare Insurance (HIC) systems is 
paramount to safeguarding patient information and mitigating the risk of fraud. By lever- 
aging innovative technologies such as block chain and AI, alongside stringent regulatory 
compliance and proactive measures, healthcare insurers can establish robust fraud detection 
mechanisms and fortify their defenses against cyber threats. Moreover, fostering collabora- 
tion with stakeholders and investing in continuous improvement of security infrastructure 
are essential steps in maintaining the integrity of the HIC system. Through these concerted 
efforts, insurance firms can uphold trust, protect revenue streams and ultimately ensure the 
delivery of quality healthcare services to policyholders. 


9 FUTURE WORK 


Looking ahead, there are several avenues for future work in the realm of Healthcare 
Insurance (HIC) security and fraud detection. Firstly, ongoing research and development 
efforts can focus on refining and optimizing the integration of block chain and AI technol- 
ogies to enhance the resilience and efficacy of fraud detection systems. Additionally, 
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exploring emerging technologies such as homomorphic encryption and federated learning 
could offer novel approaches to preserving data privacy while enabling collaborative ana- 
lysis of sensitive healthcare information. 

Moreover, there is a need for continued collaboration between insurance firms, regulatory 
bodies, and cybersecurity experts to stay abreast of evolving threats and regulatory 
requirements. Furthermore, investing in education and training initiatives to raise awareness 
about cybersecurity best practices among healthcare professionals and policyholders can 
help foster a culture of security and vigilance within the industry. 
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ABSTRACT: This research explores a novel approach to multi-modal image fusion, pre- 
senting a simultaneous denoising and fusion methodology designed to address the challenges 
posed by noise in diverse sensor-captured images. The proposed strategy involves the 
decomposition of noisy source images into cartoon and texture components, where the 
cartoon component undergoes spatial domain fusion, and the texture component undergoes 
denoising and fusion using the Block Matching and 3D Filtering (BM3D) model. 
Experimental results, including SNR, PSNR, and SSI metrics, showcase the consistent 
superiority of the proposed method over state-of-the-art techniques. The simultaneous 
denoising and fusion approach not only enhances noise reduction but also preserves image 
details, leading to enhanced image quality. This innovative methodology holds significant 
promise for advancing multi-modal image processing applications. 


Keywords: Image fusion, multi-modal, denoising, Block Matching and 3D Filtering 
(BM3D), simultaneous denoising and fusion 


1 INTRODUCTION 


Nowadays, researchers have realized a wide interest for the development of multi-modality 
image fusion techniques. This growing interest is driven by the promise that these approa- 
ches have to markedly improve image quality, especially of images from different sensor 
modalities. * The fusion of information from different modalities has been attracted more 
attention and proceeded with various applications across domains such as medical imaging, 
remote sensing and computer vision [1,2].At its core, multi-modal image fusion is the process 
of fusing information from different sources to provide an integrated and improved view. 
Any composition will final typically results more complete and effective images compared to 
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a individual or maybe isolated modality. Fusion particularly comes in handy when the 
information brought in by each modality is fundamentally different or orthogonal, and 
thereby adding to the information of what is really going on behind the scene. However, 
achieving the best multi-modality image fusion has many challenges to face. One of the 
major challenges for the researcher was that sensor noise is present in images taken from 
different types of sensors. Because these sensors differ so greatly in technology, specifications 
and environments, the images which they collect are often filled with many types of spurious 
noise. From random fluctuations to systematic errors, this noise introduces distortions that 
severely low down the quality of the fused images [3—5].Two-stage process: Traditional 
approaches to address this challenge usually take the two-step route. The first step is to 
denoise the individual source images prior to fusion. Though, not without its disadvantages 
as this technique intends to remove noise from your data. Unless done carefully, denoising 
may remove the sharpness in images and wear down fine details which can be detrimental to 
how they look as a result. In addition to this, the sequential order of de-noising and fusion 
makes computation expensive which requires more re-sources along with time. To address 
these challenges and limitations, the present study tries to bring a paradigm change in the 
way multi-modal image fusion is carried out. Instead of following the conventional two-step 
process for denoising and fusion, our methodology introduces a simultaneous denoising and 
fusion mechanism. By combining the four processes of stochastic analysis, system model 
construction and algorithm design, convolution operation of filtering through deep learning 
are performed on 2-D images to achieve a method that not only improves fusion accuracy 
but also optimizes computational efficiency [6-8]. Because the proposed method deals with 
noise and fusion at the same time, it offers a unique complete solution to restore multi-modal 
images according to this sense. In summary, our methodology performs a careful decom- 
position of noisy source images into separated components: the cartoon and texture com- 
ponents. After being obtained with a spatial domain fusion rule, the cartoon part is served to 
keep important structural information. Same as previous, the texture part extracted by 
cartoon-texture decomposition is further processed with denoising and fusion based on 
BM3D model. We utilize BM3D model for aforementioned reason when learning the 
corrupt-able and robust features as it has been effective in preserving delicate details of 
images while enforcing negligible significance to noise. The powerful framework combined 
with the feature of simultaneous denoising and fusion uniquely positions our meth-od to not 
only address the issues associated with noise, but also to do so in a manner that preserves or 
even increases information-richness [9—11].In other words, the rising prevalence of multi- 
modal image fusion techniques is a clear indicator that people are seeing and appreciating 
their possible applications. 


2 BACKGROUND AND RELATED WORK 


In conventional practice, noise in multimodal images is treated according to the arrangement 
of denoising steps before their fusion which does not seem to be a suitable way due to trade- 
off problem between multi-scene image targets and background component restoring. It’s 
the trade off with reducing noise: brightening an image and removing shadow detail allows 
visible information that you can’t unsee in a single frame, but doing multiple passes to merge 
several into one increases the chance for none of those frames being tack sharp may 
encounter. Moreover, as we move towards large datasets and increase in image resolutions, 
the computational load goes on increasing leading to necessary advancements in hardware 
requirements and speed expectancies. However, it can be observed using the above method 
does not alleviate these issues therefore in this work we present an alternative technique that 
better addresses the separation of images into animated and textured parts to reduce noise 
more effectively. The spatial domain blending rules binds the animation components 
whereas the BM3D model known to preserve complex information is applied for denoising 
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of its texture skills. To alleviate the drawbacks of above traditional methods, an integrated 
method was proposed to deal with two problems at the same time. The proposed novel 
approach which combines reduction and integration techniques is proved to be a practical 
technique for solving noise problems in images. More experimental results exploration and 
the discussion of the implications on this approach will give more information so that people 
can understand its benefits for image quality improvement with multi-image fusion. 


3 METHODOLOGY 


The proposed methodology introduces a groundbreaking paradigm in the realm of multi- 
modal image fusion by advocating a simultaneous denoising and fusion strategy is as shown 
in the Figure 1. Departing from the conventional denoising-before-fusion approach, this 
novel methodology aims to address the challenges posed by noise while optimizing compu- 
tational efficiency. The core principle lies in the meticulous decomposition of noisy source 
images into two distinct components the cartoon and texture components. 


- SNR. PSNR SSI Metrics -- 


Figure 1. Proposed method. 


Decomposition is essential in order to separate the structural information and texture of 
an image the structural details are caught through animation elements, the finer details are 
contained in grainy parts. This, in turn, permits that separation to become the basis for 
directed and guided processing. The spatial boundary blending rules are designed to main- 
tain the features of interest when animating parts. In the generation of animation texture, 
such a model BM3D is typically employed to preserve image details and meanwhile reduce 
the noise. The model keeps matching similar blocks, and using a 3D filter that’s really good 
at getting rid of noise! Choosing the BM3D model also helps ensure an appropriate tradeoff 
between removing noise from the image while still protecting important details. The textures 
in this case contribute significantly to the final image, and by preserving those components of 
the texture it helps make our text-to-image model much richer in information contained 
about its synthetic data. The effectiveness of the BM3D model is further improved in pre- 
serving of image details by using three-dimensional context. this can increase the cancella- 
tion efficiency by utilizing information from its neighboring blocks. Additionally, the model 
plays an important role in enhancing image qualities and reduce noise so that richness and 
texture of the picture should not be eliminated. “This will be particularly important for 
applications where information reliability is key,” the researchers concluded. 
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4 PERFORMACE EVALUATION 


Table 1. Result values. 


Sample Proposed (SNR) Proposed (PSNR) Proposed (SSI) 


1 25.67 30.45 0.89 
2 24.89 29.78 0.88 
3 26.12 31.02 0.90 
4 23.45 28.34 0.87 
5 27.01 32.11 0.91 
6 24.78 30.01 0.88 
7 25.56 31.45 0.89 
8 26.34 30.78 0.90 
9 23.89 29.56 0.87 
10 27.45 32.67 0.91 


The experimental results (Table 1) and performance evaluation metrics play a pivotal role in 
assessing the effectiveness of the proposed methodology for multi-modal image fusion. The 
conducted experiments involved the comparison of the proposed simultaneous denoising and 
fusion approach 


SNR Comparison SNR Comparison 


|—— Proposed Method |——— Proposed Method 


~E State-of-the-Art ~E State-of-the-Art 


SNR 
N 
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SNR 
N 
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Figure 2(a). Evaluation set 1. Figure 2(b). Evaluation set 2. 


In this study, the developed method was tested by applying the advanced technology for 
noise reduction and image fusion, and performance parameters like SNR, PSNR and SSI 
were computed. Indeed, the proposed method showed better performance in 10 samples as 
shown in Figure 2. The higher SNR value means a lower noise level. Furthermore, higher 
PSNR values mean a better image quality and also reliability of the proposed method in 
terms of preserving all fine details of an image (30). The success of preserving structural 
details in the images is furthermore guaranteed by SSI values, too. Even the graphical 
representation of results also favoured and supported the efficiency of a method via SNR 
matrix which showed that it outperforms to existing methods in case of noise reduction. 
The comparison graph of PSNR has well established a reduction in noise without affecting 
the image quality, necessary for any application specifically for availability of credible 
information. In conclusion, thanks to the simultaneous reduction and fusion of fusion with 
strategic usage of BM3D model the proposed approach attained viable success in pro- 
moting noise reduction technique The results table and graphs provided support for the 
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superior construction method and appeared to demonstrate its potential advantages in 
different fields requiring image quality preservation or enhancement of structural details. 
The SSI Comparison Plot only further speaks to how well it maintains the structural details 
of the methodology. Higher values of SSI are indicative of our simultaneous denoising and 
fusion approach being more effective at preserving the fine details in images. The 
Comprehensive Metrics Comparison Plot that represents the comparative comprehensive 
view of proposed methodology based through SNR, PSNR and SSI comparisons. This 
multi-dimensioned visualization enables some fine-grained impressions of where the 
methodology really shines from differing perspectives on image quality and fidelity. As can 
be seen, the performance of the proposed simultaneous denoising and fusion techniques is 
consist across all three metrics to outperform state-of-the-art methods. This validates that 
our approach is robust. 


5 CONCLUSION 


In summary, this paper studies about the new advances in multi-dimensional fusions 
wherein we have incorporated both reduction and fusion techniques for dealing with noise 
introduced in images from different sensors. The approach is based on animated texture 
segments and a spatial domain fusion, different from block matching 3D-based subtraction 
fusion BM3D analysis. Experimental results have shown better performance in terms of 
SNR, PSNR and SSI relative to other methods. The proposed method not only simplifies 
the image but also reduces noise and retained rich variety of complexes level image-specific 
characteristics. BM3D models’ efficacy also increases computational efficacy, and the 
approach becomes inherently stable in preserving image data while simultaneously 
eradicating noise. 
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ABSTRACT: Such vast choice in financial market offers sets of financial securities and 
instruments for investing by private investors. For this research, previous studies are 
reviewed to follow up the influence of risk propensity toward cognitive biases and investment 
choices of private investors. Dependent on the publication year, journal of publication, 
research method and biases are used to lead the review. A literature review approach is 
applied throughout reviewing the existing literature. Theoretical and research frameworks 
are developed; even though, several unclosed areas for future researches are outlined. By this 
scope, it is possible to understand the possible bias behaviour by individual investors 
investing and thus provide the practical implications which suggest among others that a 
security issuer or policymakers together with financial advisories should assess the interest 
level of individual investors prior to meaning a security offer. 


Keywords: Behavioural Finance, Cognitive Biases, Investment Decision-Making, Risk 
Propensity, Comprehensive Review 


1 INTRODUCTION 


The world of investment is very dynamic; individual investors have diversified decision- 
making options, which are not only influenced by market dynamics but also cognitive biases 
and risk preferences. The concept of “behavioural finance” was first introduced in the 1980s 
as a new idea where psychology and behaviour met with economic and financial decision- 
making ideas. The field of behavioural finance in which there is the visibility of psychological 
biases because stock market anomalies were the results of Muthrian’s suggestion rather than 
market efficient hypothesis theory. As per the theory of classical finance, EMP and MPT 
were hypothetical theories but people’s decision making is influenced by some psychological 
biases which are only discussed in behavioural finance. There are instances when the 
researcher consider that the rational investors predetermine the prices of stock in the market. 
These investors have an apprehension about the availability of the each and every infor- 
mation about a particular stock. The rationality hypothesis is broken by the researchers here. 
He considers that there will be behaviour biases impact decision making of the investors and 
their reaction to the stock price. The behavioural finance used as a replacement of traditional 
financial theory as well as the understanding of the several irrational behaviours of the 
investor and reasoning of the market’s fluctuation [9]. Traditional finance makes the 
assumption that individuals, organizations, or even markets would act in a rational manner” 
as indicated by and thus, Behavioural finance uses psychology, finance, and other dis- 
ciplines, and applied to study of behaviour in various types of market and context in 
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contravention with the traditional understanding. Behavioural finance indicates several 
cognitive biases involved in the investment decision-making by the investor which make 
them possibly act eschewing from rationality. In fact, Cognitive biases are described as Most 
practical and useful measures for the prospect of process improvement actions. According to 
studies in cognitive biases, investors overestimate their calculations; they believe their view is 
real and overlook those views which are against his views; most of the study is conducted to 
examine and investigate whether the cognitive bias affect the investment decision of the 
individual investors and institutional investors. Through literature review, this study 
attempts to provide insight into the current relationship between cognitive biases and the 
investment decision of individual investors. Furthermore, it helps to understand the role of 
risk propensity variable in relation with investment decision and cognitive biases of indivi- 
dual investors. 


2 COMPREHENSIVE ANALYSIS 


2.1 Transitioning from traditional financial theory to behavioural finance 


The study portrayed how the psychological influences of higher human activities work in the 
financial investing business and speculate the tenet of behavioural finance, one of which is this; 
psychological elements play a huge role in the fluctuation of the financial market [2]. It is sur- 
veyed how from behavioural finance to the extensive dissimilarity of market effectiveness, asset 
pricing, and the division of investment. Nevertheless, various surveys and tests examine desires, 
mistakes, choices, and behaviour and take action to disentangle the financial manager and 
investor’s type of battle, which has been done through both direct and more indirect methods 
[13]. The authors researched Issue and performed extensive systematic literature research of the 
four major areas of investor bias. For detailed information, they assessed empirical papers with a 
suitable data analysis methodology, analysed more citation information, and used different 
analytical tooling in different activities [7]. The research interpreted what sort of influence the 
psychological biases of investors play in their life by influencing their investments in a very 
worrisome way which makes a decision that could be made right rather worse [11]. A summary 
investigation of the capability of fuzzy sets to follow the behaviour of single decision-making. 
This states that a level has powerful logic of people decision making in actual settings which has 
been tested [15]. The adaptive expectation theory, bounded rational theory, regret theory, and 
prospect theory described the role of the adaptability of the investors’ preferences and decisions; 
when combined, they grant an integrated explanation. Tours and Treerong plan the prospect 
theory. When it comes to expectations the anomalies and the stock market, investors may be 
harmed by cognitive biases. While the notion of the efficient market has prevailed, heuristic 
biases have had a substantial impact on investors in investment decisions. Stock market 
anomalies arise from the interactions of cognitive and emotional biases in investments. This 
anomaly affects individual decision-making and market performance. Although the value 
function acknowledges a single hypothetical outcome, the cyclist hypothesizes that this is a good 
review or review of the received utility pattern and it symbolizes some gorgeous evasion. When 
the possibilities of the investment decision are perceived, the principle shows how investors make 
decisions based on probabilistic substitutes ranging from memory to redemptions. 


2.2 Cognitive biases 


Much of this research focuses on things known as cognitive biases, which are tendencies 
to think in specific ways that might lead to systematic deviations from a criterion of 
rationality or good judgement. Although it is true that replicable research actually validates 
the existence of such biases, there appears to be rather disagreement over whether to measure 
or specify these biases. Still, some effects are a result of heuristics, which are 
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information-processing guidelines or mental shortcuts that people use to make judgments or 
decisions. Those effects are what we refer to as cognitive biases. Different authors label 
cognitive biases heuristics, beliefs, decisions, or choices, while some academic fields classify 
biases by cognitive or emotional. The cognitive errors, which are called heuristics reduc- 
tionist mainly because the brain utilizes heuristic reduction shortcuts instead of engaging in 
more complex cognitive processes, are nonsense. This perspective permeates psychology and 
behavioural science literature; for example, it is widely understood. Behavioural biases are 
impossible to be avoided in the decision-making process as can be confirmed from the past 
literature. Obviously, cognitive interventions are used to manifest the best possible beha- 
viours to the overall cost restraints. Cognitive biases are generally classified as situations in 
which human thought processes lead to systematically distorted representations of some 
aspect of objective reality. Irrational people make these behaviour manifestations. We will 
further focus on cognitive bias, as this topic is at the heart of our literature review frame- 
work. Cognitive biases, however, are “useful metrics for process improvement efforts”. 


2.2.1 Classification of cognitive biases 

There are several biases that affect the investment decision of investors, however, in this 
paper; we discuss only three biases that impacted the decision in investment which are: It is a 
psychological concept that the individual feels more sad with their similar gains, which has 
been examined thoroughly in several areas such as psychology, behavioural economics, and 
finance. The researchers studied the processes through which loss aversion affects stock 
market investors. They explored the loss aversion concept in stock market investors, He 
concluded that the financial market investors’ loss aversion is greater than that reflected in 
the literature [5]. In reality, the impact of loss aversion is likely to be conditional on the state 
of the financial markets. For example, in bull markets compared to bear markets, the 
investors become much more risk-averse. Some studies compared the loss aversion bias 
between ages of 41-55 and 25-40 investors. They also compared whether the loss aversion 
and regret are more in the female investor than male. Researchers indicated the importance 
of loss aversion innate in its influence on an investor’s decision to invest in the Rwandan 
capital market [8]. The current investigation explored the idea that stock market investors 
typically experience more regret over the prolonged time they retained loss-producing shares, 
rather than the short time they sold profit-making stocks. The investigation found that the 
gender difference had a significant impact on the likelihood of the loss aversion, Loss 
aversion affects the investor’s financial decision [6]. 


2.2.1.1 Disposition effect The most outstanding bias exhibited by investors is the dis- 
position effect. According to author, the disposition effect is the binomial outcome of selling 
the winner stock very early, and ride the looser stock will be very long. Essentially, this 
entails a failure of the investor to profit from the big profit when the stock has an increasing 
price [14]. For example, when the price is increasing, don’t hold the stock, whereas one may 
profit from a high loss in that price is decreasing is selling stock. Kahneman and Tversky 
were the first documented the selling of an appreciated stock from the reference point and 
sell it from the reference point very soon. On the other hand, the sell winner very early and 
ride losers, a phenomenon was first coined by Shefrin and Statmann. Some of the previous 
studies have endorsed the phenomenon of selling the winner very early, and they are ride the 
losers; it is presented some evidence that could allow a reasonable question that their dis- 
position effects may be one of the best candidates for affecting assets markets seem too week 
for the ensuing price. Therefore, the disposition effect was determined by prospect theory. 
The disposition effect was determined in relation to the intrinsic value and equilibrium price 
The determinant of the disposition effect is in terms of intrinsic value and equilibrium price. 
The disposition effect is when an investor values the stock lower than their original purchase 
price or the price the stock should have attained. The author described how the disposition 
effect results in the pre-announcement price leading to a suboptimal response to news and 
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new information that causes post-announcement drift and return predictability [3]. Different 
authors conducted a study between 2006 and 2013, which provide solid empirical evidence of 
the disposition effect [10]. According to an article, males are more prone as compared to 
female investors. Some emphasize on the reactions people have which brings the disposition 
effect, the culture and environment people experience enables them to carry out the impli- 
cation. “As good or bad news is reported, everything hinges on stock news that dictates how 
the decisions will go”. Attributed to Lewis, every asset an investor invests in, he sees the 
investment as a profit or loss based on the scenarios. A documentary report is provided on 
the effect of disposition and investment decision making. 


2.2.1.2 Mental accounting According to author, the view that investors think about their 
financial transactions and activities as much as possible in accounting terms was described as 
mental accounting [1]. The study outlined the significance of mental accounting in which inves- 
tors can be able to split up their portfolio across various accounts. According to the examination, 
it gave the great debate that investors establish account-specific benchmarks for accounts that 
calculate gains and losses. The key assumption is that decision-makers consider wagers from 
distinct accounts, apply prospect theory for each, and overlook any synergies [4]. Agnew’s results 
imply that behavioural bias, such as a preference for mental accounting, has a substantial impact 
on individual investing. After being influenced by mental accounting bias, investors typically 
distinguish between the various components of their portfolio rather than seeing the portfolio as 
a single whole. The collection of cognitive activities that people and households use to systemize, 
assess, and keep track of their financial transactions and activities [12]. 


2.2.1.3 Mediating role of risk propensity One’s current disposition to take or avoid risk is 
known as risk propensity according to the researchers. Given that risk and uncertainty are 
inextricably linked and that “uncertainty is inherent in time” time is a critical variable to risk 
taking. According to the economic and psychological sciences, risk is defined as “the situa- 
tion in which the decision-maker knows the probable result of various choices and the 
likelihood of occurrence”. Risk perception in terms of favourable versus unfavourable 
decision context was just applied “to explain modification in individual risk behaviour 
within the bounds generally defined by risk propensity”. Since an individual’s risk behaviour 
can best be explained to a large extent by his dispositional risk propensity, few researchers 
have in fact done so. Cantor and environmentalists or bank managers question risk on a 
much broader scale. Scholars are using the word risk in a way that is totally different from 
what researchers have in mind, and there seems to be little consistency about scholars’ risk. 


2.2.1.4 Investment decision Investments are primarily used to generate revenue. It was 
decided by the time-tested methods of performance, the optimum time on the market, the 
prognostic practice, and other criteria. The very ordinary consequences were obtained, as 
evidenced by a lot of troubled investors with just as ordinary futures. “Purchasing decisions 
incurred by an individual investor concerning the procurement of small shares of securities 
for their personal account as well as purchasing under corporate shares” are chosen from 
among the options. Securities investors are the choice makers. Therefore, because investors 
need to base their decisions on many selections, we consider investment decision-making as 
an intellectual phenomenon. The psychological theories of decision-making undergird 
investor behaviour and explain why they make the decision to purchase or sell shares. These 
psychological theories rely on cognitive bias, which is a significant parameter for investors in 
making decisions calling using judgment away from regularity or logicality. 


3 DISCUSSION AND RESULTS 


Numerous articles on cognitive biases showed that people only act rationally when they have 
access to pertinent information while making investment decisions. Some of the literature 


435 


regarding same has been already covered in this study. A dual process system in terms of risk 
attitude, time preference, strategy and investment are used to explain a cognitive model of an 
individual investor. To make good investment, one must comprehend and apply finance 
theory to financial decisions. Understanding these theories can prevent business from issuing 
securities that won’t produce the expected outcome. Investors may get wealthier as a result 
and be more inclined to make additional investments. 


4 CONCLUSION AND LIMITATION 


It is imperative to understand that Sociology, psychology and many other research methodol- 
ogies lens in behavioural finance was on how investors act when they are investing in Capital 
market. This area of study demonstrates how cognitive biases do influence actual investors and 
entirely disapprove the rational assumptions demonstrated in traditional finance theories. The 
cited literature review also disapproves with much information supporting the behaviour biases 
in investor markets. Additionally, our study was focused on the interconnection between risk 
propensity and the correlation between perceiving and reacting to investment on the part of 
investors and investing acts as a linking variable in this relationship. Our study also centered on 
how understanding an investor’s behaviour can be used to explain the behavioural anomalies 
on stock market’s part. While use of the behaviour factor in consideration has externalities on 
which specific strategies individuals should use when investing in financial market. Despite the 
reference that we searched various databases and some of the studies may have missed con- 
sidering that a subset of the database can only admit open access studies. 
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ABSTRACT: The review concentrates on the detection capability of sophisticated testing 
methods to detect adulterants in granulated foodstuffs. Although the traditional methods of 
treatment are still widely in use, they are time-consuming and expensive, this type is becoming 
increasingly redundant, demanding newer, high-grade touch-ups. This kind of tactics are essen- 
tial to the healthfit together with conserving orthopedic resources. Improved modality of sensing 
to make it more sensitive and specific in order to preserve product integrity. Uncovering secure 
alternatives as well as utilizing image processing innovation can enhance this process of detec- 
tion, keep the end customer safeguarded and also make more trust with your consumers. 
Answering with a resounding yes is likely our most economical path to enhanced public health 
protection, but it comes at a time of the continued erosion of FDA oversight of drugs. 


Keywords: Adulterants, Granulated food particles, Technology, Image processing, Deep-learning. 


1 INTRODUCTION 


There are various health hazards that are plaguing health of the consumers, it is necessary to 
develop a modern technology for the detection of adulterant in mainly granulated food pro- 
ducts. This is having biological and physical properties of adulterated components and health 
hazards [1]. The adulterants from the studies gives the food product mixed with the inferior 
quality that is made from the adulterated vital component, that reduces the nutritional values 
[2]. The various granulated food products can be adulterated and mainly coffee is something 
that can cause dangerous health hazards [3]. The coffee is adulterated with wheats, chickpeas, 
and other powdered products with various other particles, mainly they are detected by the 
traditional microscopic methods which is highly time consuming [4]. There are various ana- 
lytical methods that are involved in their identification methodology. The deep learning 
technology is given the granulated particles which are used for the turmeric products which can 
also serve as one of the adulterated granulated products as well. This can be giving various 
degrees of color separation medium mainly for dye included in the medium of dye as one of the 
premium adulterants that is majorly affecting health of the consumers [5]. The quality assur- 
ance and consumer support has reported the issues in both health industry and for the pro- 
duction till sales fault with plaguing issues or health such as cancer, disorders and other issues 
that produces the fault which will affect the health directly although it produces the increase in 
quantity [6]. Major products that are being adulterated is mainly contaminated is milk which 
can be increased in quantity mainly using urea, water, and other additions [7]. 


2 LITERATURE SURVEY 


Sangita Bansal et al, 2017 in their research food adulteration poses health risks and decreases 
food quality. This review covers various adulterants, associated health risks, and detection 
methods, including physical, biochemical/immunological, and molecular techniques. 
Molecular methods excel in detecting biological adulterants, while physical and biochemical 
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methods are preferred for other adulterants. These efforts aim to ensure food safety and 
consumer protection [1]. 

Ambrose.A, et al in his research showed that there is a continuous development of non- 
destructive methods is essential to enhance accuracy and efficiency in detecting and mea- 
suring adulterants in cereals and other food materials. By meeting the growing demand for 
food safety and quality assurance worldwide, these advancements play a pivotal role in 
safeguarding public health and consumer trust in the food supply chain [2]. 

Aline Theodoro Toci et al., 2016 their research leads to the understanding that coffee, a 
globally consumed commodity, holds significant economic importance for producing and 
exporting countries. Adulteration of roasted coffee serves as a cost-cutting measure, posing 
challenges for detection. Conventional methods like optical and electron microscopy, though 
utilized, are time-consuming and subjective. This review explores three analytical approa- 
ches physical, chemical, and biological [3]. 

Banu Sezer et al., 2018 conducted a survey and a research where coffee stands as one of the 
most globally consumed beverages, holding significant economic importance for producing, 
exporting, and importing countries. Ensuring its purity and detecting external impurities 
remains a constant concern. Visual inspection often falls short in detecting adulteration in 
roasted ground coffee due to similarities in color and texture with cheaper fillers [4]. 

Saroja Rao et al., 2021 proved that Sudan 1 and metanil yellow, azo dyes used illicitly to 
enhance color in foods, pose regulatory challenges in detection due to their appearance 
through adulteration. A new ultra-high-performance liquid chromatography method with a 
photodiode array detector is developed for their detection and quantification in turmeric and 
chili powders. This method shows promise for detecting illegal Sudan dyes and metanil 
yellow in turmeric and red chili powders, offering precision and efficiency [5]. 


3 RATIO OF ADULTERANTS PRESENT IN FOODS 


The products which are containing overall products which contains the adulterants with various 
food products with various percentage of contaminants. The difference in the product and major 
contaminants mainly with relevant to color and product quantity with reference to Figure 1. 
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Figure 1. Major contaminants in foods. 


The image showing the chart of product and percentage of adulterant content in the food 
product. Main product which has spices that affects consumer needs and various production 
requirement [8]. Majority ranges when viewed can be required to have pigmented control 
over the product [9]. Other food granulated particles present in food production develops the 
contamination of sources which are required or development [10]. 


Table 1. The Overall composition of the granulated food particles adulterated. 


Products Adulterated Overall Composition 
Cardamom 46 51.09% 
Chili 39 56.01% 

(continued ) 
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Table 1. Continued 


Products Adulterated Overall Composition 
Cinnemon 29 37.1% 

Coffee 57 64.20% 

Jeera 28 40.98% 

Rice Flour 231 26.7% 

Salt 9 20.1% 

Semolina 12 15.9% 

Tea 51 57.80% 

Turmeric 37 44.6% 


The various factors associated with the chemical additives and major quantitative product 
which are needed to quantify the analyzing product for raw and processed product for major 
analyzing of adulteration for meat quantification and determination of species of product 
[11]. Some if the contaminants in the coffee powder have majority of the contaminants that 
can be, maize, husks, cleaned husks, which has the coffee contamination which has the 
overall contaminants would give coffee powder adulterants [12]. Powdered particles exam- 
ple, chili powder, turmeric, and coriander powder are easy to use products easily adulterant 
detected by chemical and physical methods [13]. 

With reference to the Table 1 the composition of the granulated food particles can be 
made into an overall study in the result of percentage. The other particles that are officially 
contained in the industry can be proposed major risk assessment and also be verified from 
the sources LC-HRMS analysis that are containing various screening methods [14]. These 
techniques that we are using, majorly the modern technology (image processing) is using is 
requiring ACO for the identification of contaminants mostly in the food products [15]. 


4 IMAGE PROCESSING IN DETECTION OF ADULTERANTS 


The interference of the image processing in the detection of adulterants using the technique 
of image processing mainly includes the percentage of contaminants, the testing done on 
coffee powder which is one of the highly contaminated granulated food particles [16]. The 
product which contains spoilage which is manly detected using the border detection. 
Although various traditional methods that are used for the identification of the adulterant 
from the coffee granules are necessary for its chromatographic approach [17]. The spectro- 
scopic method for the identification is been adapted for the analyzing and that contains 
mainly for the coffee powders mainly, that seems to maintain for adulterant identification 
and quantifying granular particles [18]. 


Table 2. Percentage of contaminants which are recognized for detection with the help of image 
processing. 


Contamination of husks y = 13.54 In(x) - 30.33 r = 0.89 
Barn powder y = 0.06x + 0.26 r = 0.90 
Powdered Soy y = 09.17 In(x) - 34.13 r = 0.92 
Sugarcane sugar y = -1.0001 x? + 0.12? + 0.90 r = 0.95 


Image processing conversion of granulated food products that is mainly spices brings 
product that would follow up with contaminants and adulterants which would develop with 
image grey scale and for its follow-up detection [19]. The overall product that is collected 
with proper percentage of contaminants which are recognized for detection with the help of 
image processing with neural network in food industry which is shown in Table 2 by using 
Best-Fit Equations. 
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5 PERCENTAGE ANALYSIS OF CONTAMINANTS 


The property of the images can be seen for identification of images which can be given for 
extraction of the image with properties, objectifiable properties with open source of image 
processing that will show the overall properties and percentage with various source of 
research that are carried on [20]. The contaminants count proposed will be available for food 
samples that are containing chromatographic analysis of image processing that are present in 
food samples [21]. 

Products which are required to have the testing for the identification of contaminants that 
are having products which are having overall components that are used to identify using 
spectroscopic methods of testing [22]. Some of the parameters that are analyzed for con- 
taminants which are researched and the overall outcome which is received as the study for 
analyses for the contaminants as well as the adulterants are, as seen in the Figure 2. 
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Figure 2. Analyses for the contaminants and adulterants. 


The major products which are needed by using the samples that requires HPLC-MS 
products that are needed with food products, and contaminants that are required for 
majority of granulated spices that are present [23].The sensors that are major influence that 
are necessary that contains with various usefulness that have its need for image processing 
for mainly identifying the percentage of adulterant content [24]. It allows the qualitative 
determination of organic compounds as the characteristic vibrational mode of each mole- 
cular group causes the appearance of bands in the infrared spectrum at a specific frequency 
[25]. The SA-AG of film and production of the major component and present that gives 
image processing and present in contaminants that have adulterant composition and pro- 
duction composition [26]. 


6 STUDY OF CONTAMINANTS 


The information which counts as a study which has difficult adulterant that made the 
property count of preferable food product association the contaminant study that has main 
influence in nano bio sensors [27]. Materials with low reflectance are associated with low 
pixel counts, and vice versa. The system’s architecture (sensor sensitivity) dictates the num- 
ber of bits that are accessible [28]. The image that is being trained into the system which is 
being the reference data type which is also being a part of the system that is given into the 
system and for the comparison of the samples materials that is used as the original input 
system. The image that is shown is the ideation of how the comparison of the image which is 
done for the component viewing mechanism Figure 3 offered with the standard materials 
that can also see with contamination also be detected and processed. 
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Figure 3. Comparison of the image which is done for the component viewing mechanism. 


7 CONCLUSION 


The findings presented here suggest that the level of pollutants in ground and roast coffees 
may now be more easily measured thanks to a novel technique based on digital image pro- 
cessing. It can quantify a broad range of adulterant concentrations and is neither time- 
consuming nor harmful. The approach can be effective even when the sample contains sev- 
eral adulterants, as seen by the excellent correlations found for samples containing two 
distinct contaminants. Stated differently, this approach is appropriate for regular analysis, 
and it can be quickly transferred for commercial usage. There would be further elaborate 
research and upcoming projects that would be done for the improvement in the quality of 
sugar. Future research would be carried on for the white sugar and all the adulteration in it. 
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ABSTRACT: In the era of internet information can be gathered within a short period of 
time through search engines, digital libraries. Recommendation Systems have also become 
most appropriate to converge relevant information’s. Lately Deep Learning technologies 
have gained remarkable recognition in the areas of image, natural language processing as 
well as speech recognition. Our paper mainly focuses on the three aspects: Hybrid, Content 
and Collaborative system. We have explored Deep Learning and identified any remarkable 
improvement over traditional systems for recommendations. We have also explored the gaps 
in the current system using Deep Learning. 


Keywords: Literature review, Recommendation system, Hybrid system, Collaborative sys- 
tem, Content based system, Deep Learning. 


1 INTRODUCTION 


The vast array of our daily needs, including shopping lists, books, news pieces, music, films, 
research materials, and other necessities, has flooded numerous data repositories and data- 
bases in terms of both volume and variety [2].Consequently, recommendation systems like 
those employed by Amazon, Netflix, etc., take the initiative to understand users‘ preferences 
and notify them about items aligned with their interests. Although these systems vary in their 
applications, the fundamental mechanism of matching user interests to relevant items 
remains consistent. Smart recommendation systems and robust search engines provide users 
with valuable assistance. The widespread acceptance and usefulness of these systems can be 
credited to their capability to extract pertinent information from an almost limitless repo- 
sitory [3]. Typically, recommendations can be formulated by considering user preferences, 
item characteristics, user-item transactions. In the realm of recommendations, these factors 
are commonly divided into following categories: collaborative filtering, content-based, and 
hybrid recommendation models [14]. Each category of models comes with its own set of 
challenges. 


2 REVIEW AND DISCUSSION 


In this paper we have reviewed various papers where we analysed that multiple different 
approaches were discussed to build the recommendation systems. However, we curtailed our 
work mainly on the following deep learning approaches for building recommendation sys- 
tem based on different datasets from various domains such as Entertainment, e-commerce, 
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music, medical, etc. According to the papers we reviewed most of them have mainly focused 
on the entertainment domain such as Netflix, Amazon, Movies, etc. as during this time 
entertainment industry has gained extreme popularity due to its always available content on 
internet. 


3 CLASSIFICATION 


It can be categorized into various types, but we have mainly focused on content- based, 
collaborative filtering and Hybrid systems (Figure 1). 


Recommendation system 
Content-Based Hybrid System 
Systems 


Figure 1. Classification of recommendation system. 


Collaborative filtering- 
based systems 


3.1 Collaborative filtering-based systems 


This part outlines the primary advancements that deep learning has made in the realm of 
collaborative filtering methodologies. The diagram is depicted in Figure 1. 

[1] RNN is better suited over matrix factorization approaches for recommendations based 
on sessions. Through experimental assessment using e-commerce clickstream data and a 
dataset resembling YouTube’s over-the-top (OTT) video service, it becomes evident that 
employing RNN offers a notable edge over Matrix Factorization (MF) approaches. 

[7] Accuracy of recommendation for ecommerce can be enhanced by combining RNN with 
KNN. TMall competition (public e-commerce dataset) is used for evaluation of performance. 

[5] To address long-tail items or those with minimal content descriptions and limited his- 
torical usage data, stacked denoising autoencoders are utilized for feature extraction. The 
model under consideration is evaluated using a dataset sourced from ProgrammableWeb.com. 

[17] Collaborative filtering recommendation systems makes it very complex and difficult 
to imply one algorithm so slope one algorithm is introduced which is fusion of similar user 
preference and data. This algorithm is used in applications such as recommendation system 
for social network. 

[11] T-RECSYS (tune recommendation system) introduces both content and CF which is 
applied for enhancing its dataset which results in a system that is highly capable of good pre- 
cision and extensible recommendation in various market areas such as Amazon and Netflix. 

[12] A new similarity measure is proposed as the most conventional methods struggle to 
address issues related to data sparsity and cold-start problems. MovieLens-100k, 
MovieLens-1M, and Film Trust for these datasets new algorithm is better in prediction than 
the other existing algorithms. 

[4] BiVAE and NMF these models are introduced for the recommendation which is used 
for tourism field. Ranking and prediction were the two Metrix in which BiVAE algorithm 
achieve highest score. The training time of BiVAE is 357.50s and it outperformed all the 
other introduced algorithms. 

[6] Consider the user factor as a time-dependent function while maintaining the item factor 
as constant, with occupation adjustments based on user variations. Experimental results on a 
standard dataset support the superiority of our method, demonstrating improved performance 
in terms of RMSE and MAE compared to baseline methods. Looking ahead, we plan to 
explore a deep learning approach for dynamic recommendations in future research.[10] have 
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examined the efficacy of a matrix factorization (MF) model in addressing challenges asso- 
ciated with collaborative filtering (CF). VD can discover a linear transformation of high- 
dimensional data into a lower-dimensional subspace, minimizing the remodelling error 
through the least squares approach. 


3.2 Recommender system based on content 


Overview of content- based recommendation system which has diverse research endeavours. 
[15][13] Deep learning is used in the field of writings and dialogue recommendation model. 
LSTM model is used for the above purpose. Quotations and Dictionary are used as the 
resources of the dialogues. 
[16] content-based filtering is used in recommendation system for information retrieval. 
These filtering methods depend on the user’s personal choice of the object description. These 
systems are generally developed for getting relative information of a record, article, news, etc. 


3.3 Hybrid system 


In this segment, we outline the key contributions of deep learning to hybrid recommender 
systems. The diagram is depicted in Figure 3. 

[8] Matrix factorization approach is improved while a developing a CNN based model 
which incorporated the information for users to enhance the above approach. 

[20] Accuracy and prediction are improved in the proposed personalised recommendation 
system with the help of hybrid-based system on the bases if real world dataset of yelp and 
trip adviser. The experimental results concludes that the quality of recommendation through 
prediction, accuracy and performance is enhanced. 

[19] The three parts of hybrid filtering such content-based, collaborative and hybrid fil- 
tering are introduced in this paper to improve the performance of recommendation system. 
By hybrid filtering mainly two major parts of the posts by the active users were combined to 
consider a recommendation system for similar users. 

[18] This paper introduces a hybrid recommendation technology that integrates the 
strengths and weaknesses of content filtering and collaborative filtering. The proposed 
approach is entirely grounded in content filtering and collaborative filtering, examining 
workflow dynamics and data processing algorithms to enhance recommendation systems. 

[9] The use of genre embedding and sentiment analysis in recommendation which are 
stream serviced are based on hybrid filtering deep learning model which is a part of colla- 
borative filtering methods. The experiment is conducted through music and movie data sets. 
Following Figures 2, 3 and 4 shows the collaborative filtering, content-based filtering & 


hybrid approach respectively. 


User 
= — 


Used by both the users. 


G 


Used by User 1 


Redommend to User 2 


M 
<> 


Figure 2. Collaborative filtering. 
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Figure 3. Content-based filtering. 
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Figure 4. Hybrid approach. 


4 CONCLUSION AND FUTURE ENDEAVOR 


Modern recommender systems based on deep learning is explored in this paper focusing on 
hybrid, content-based, and collaborative approaches. Deep learning models, including 
recurrent neural networks and denoising auto encoders, showcase significant improvements 
over traditional methods, particularly in collaborative filtering scenarios and e-commerce 
domains. Content-based systems benefit from techniques like deep belief networks and 
convolutional neural networks, enhancing recommendations for audio and textual content. 
Hybrid systems, merging matrix factorization with deep learning, demonstrate superior 
precision in recommendation tasks. While celebrating these advancements, challenges such 
as data sparsity and real-time updates persist. Future research should address these issues to 
further elevate the efficiency of recommendation systems in the dynamic digital landscape. 
In addition, there are many studies that integrate AI and machine learning methods [42-45] 

Looking ahead on this trajectory, we anticipate further progress in recommender systems 
through the following avenues: 


(a) An appeal for a meta-analysis to thoroughly assess all deep learning models across the 
same set of benchmarking datasets, providing a comprehensive overview of their 
performance. 

(b) Expanding the range of publicly available datasets across various application domains, 
including datasets containing academic author-article pairings, online retail shopping 
transactions, and other datasets that showcase extensive user-item interactions along 
with detailed metadata for both users and items. 

(c) Recent research indicates improvements in the range of 5-8%, it is crucial to validate 
these enhancements in authentic real-world environments. This validation can be 
achieved through post-deployment analyses, examining the outcomes stemming from 
recommender systems based on industrial data is integrated with deep learning. 
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ABSTRACT: This study applied Interpretive Structural Modeling on the relationships 
between 18 identified variables of workplace dynamics in HEIs, with workplace ostracism 
identified a major influencing element on the final organizational impacts. As the academic 
experts from different private and state universities were consulted during the research 
process, their assumptions enabled me to create a developed digraph and the final conceptual 
model illustrating the hierarchical inter-dependencies between the indicated defined vari- 
ables. Specifically, the data showed that addressing the problem of abusive supervision can 
moderate the identified impacts of workplace ostracism on employee performance and 
organizational efficacy in the selected alternatives. 


Keywords: Workplace Ostracism, Interpretive Structural Modelling, Higher Education 
Institution 


1 INTRODUCTION 


The insider-outsider syndrome among members of work groups has also been subject to 
stress and personality factors [1-3] as well as to ambiguity over roles [8], organizational 
culture, leadership [6,10], academic stress [1] and individual differences. It can impact job 
satisfaction, employee commitment, and student performance [2]. Among them, the 
Interpretive Structural Modeling (ISM) is used to describe relationships between antecedents 
and mediators, leading eventually to the discovery of preventive or prophylactic insights [4]. 
The ISM studies ostracism, by examining how it is combined with other variables that affect 
(at the same time) organizational performances and interactions [5]. The aim is to improve 
educational results and set the action in better perspective. 


2 OBJECTIVES OF THE STUDY 


The focus of this current research is to identify the antecedents and outcomes of workplace ostra- 
cism in the context of higher educational institutions employing ISM. This will help unearth the 
structural dependence as well as driving power of the diverse determinants and reduce the adverse 
effects of workplace ostracism in the higher educational institutions of the Uttarakhand state. 


3 IDENTIFIED VARIABLES OF THE STUDY 


The review distinguished the following variables that might affect the workplace dynamics: 


e Abusive Supervision: Abusiveness in the form of supervising, which is a supervisor’s 
behavior to psychologically manipulate subordinates into distress and turnover [6]. 
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e Voice Behaviour: The voice behavior — a range of employees’ proactive suggestions 
concerning organizational improvement [7]. 

e Supervisor Support: Factor of supervisor support — how much supervisors value 
employee contribution and well-being which predicts commitment [8]. 

e Workplace Bullying: While workplace bullying is a range of repetitive negative behaviors 
causing job-related stress and other mental health problems [9]. 

e Social Undermining: It refers to those actions that harm someone’s social status and self- 
esteem or performance [10]. 

e Workplace incivility: It is defined not only by rude behavior, sometimes made with no 
malicious intent or aimed to annoy other people [11]. 

e Negative Workplace Gossip: It is an informal negative discussion regarding an absent 
third party that increases the level of emotional exhaustion [12]. 

e Interpersonal deviance: Such behaviors as gossiping, blaming, and other misconduct 
toward other individuals [13]. 

e Interpersonal distrust: It is the expectation of harmful motives or behavior from other 
people [14]. 

e Organizational Politics: The last variable of organizational politics occurs when individuals 
make efforts to influence or gain power and usually are perceived as self-benefiting [15]. 

e Workplace Ostracism: the feeling of being ignored and exclusion, with the outcome of 
isolation and satisfaction reduction [1]-[2]. 

e Workplace Loneliness: the feeling of social disconnection at work, impacting satisfaction 
and turnover [16]. 

e Job Tension: pressure caused by negative job-related variables, which contributes to 
dissatisfaction and poor productivity [17]. 

e Job Insecurity: living in a situation of doubt in the ability to maintain a job, which affects 
mental and physical health [18]. 

e Turnover Intention: possibility of an employee to communicate that he/she will leave the 
job [19]. 

e Employee Performance: the degree to which one performs efficiently and effectively 
achieving goals [20]. 

e Interpersonal Conflict: perceived opposition of interests over mutually exclusive goals 
and resources, causing negative emotions and behaviors [21]. 

e Knowledge Sharing Behavior: involves transferring knowledge or skills concerning work 
for the benefit of the organization, enabling innovation and efficiency [22]. 


4 INTERPRETATIVE STRUCTURAL EQUATION MODELLING (ISM) 


A total of 18 workplace variables were mapped by ISM based on dominant-subordinate’s 
relations (V), abstract-concrete’s relations (A), necessary-nonexistent’s relations (X), V - A, 
X, O. One of the central studies, Workplace Ostracism, had a great impact on and sig- 
nificantly influenced the trends observed between both Interpersonal Distrust on Workplace 
Performance as well. So in other words, this framework aims to identify key levers 
(Ostracism) which could be used to improve the organization outcomes by developing an 
understanding of how dynamics interact and depend on one another. 

In Figure l(a), the Final Reachability Matrix of 18 organizational variables (V1-V18) is 
represented through ISM. It elaborates on the relationship between variables. The arrow denotes 
the inflow of energy, direction, and power; Abusive Supervision and Voice Behavior exhibit a 
powerful influence. Particularly, Workplace Ostracism 2 emerges as a stand-alone influential 
variable; on the one hand, it exerts influence on other variables whereas; on the other hand, it is 
minimally influenced. Through this approach, this matrix also considers the assessment of 
Cumulative Dependence Power, which signifies external influence’s susceptibility, becomes easy. 
It assists in managing the organization more effectively. In Figure 1(b), the Level Partitioning 
matrix from ISM is presented, categorizing variables into the four hierarchical levels depending 
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on their reach and influence. Fundamental V1-V10, at level 4, are stable influencers. Meanwhile, 
the V11 vertex is a key node between the foundation and the upper layer. Middle-ground vari- 
ables V12-V14 are mediators, while the top layer V15-V18, are at a minimum number, 1, 
exerting more influence and minimally influenced from an outer source. Therefore, all these 
elements can help develop a strategy to intervene through a structured perspective. 


Figure l(a). Final Reachability Matrix. Figure 1(b). Level Positioning. 


Figure 2(a). Conical Matrix. Figure 2(b). Reduced Conical Matrix. 


The matrix is constructed to identify the driving, dependent, linkage, and independent 
variables. The Conical Matrix in ISM reveals the four levels of powers in the 18 organiza- 
tional variables that consists of powers driving the variable and the linkage power that 
describes the vulnerability of a variable to the external influence. The levels are constructed 
at the driving Dependence Power, while Level 4 has a considerably high dependent power. 
The reduced CM illustrates the four levels of the hierarchical influence. Level 1 contains the 
driving variable, Level 2 contains the linkage variables, Level 3 contains a keystone variable, 
and Level 4 contains the variable influenced by the key stake variable (see Figure 2(b)). 


5 MICMAC ANALYSIS 


: ; Figure 3(b). Diagraph. 
Figure 3(a). MICMAC Analysis. 
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Figure 3 depicts a MICMAC analysis which divides organizational variables into four 
quadrants according to driving power and dependence within the system. Quadrant I 
(Autonomous Variables, 1-10) are weakly driven and isolated. Quadrant II (Dependent 
Variables) are influenced by others but weakly drive change. Quadrant III (Linkage 
Variables, 12-13) are strongly driven and crucial connectors, while Quadrant IV 
(Independent Variables, 15-18) drive system change with weak dependence. 


6 DIAGRAPH 


The Digraph, an ISM component, portrays the hierarchical relationship among 18 variables 
linked to the university workplace and the employees’ responses. It utilizes the Structural 
Self-interaction matrix, reachability matrix, and the MICMAC analysis to showcase how the 
18 identified variables interact to influence work conditions. The Digraph tool exhibits the 
following attributes: 


e Representation of the nodes: The representation of each variable using a node and an 
arrow to show the direction is V1 affects V11- a representation of how abusive super- 
vision affects workplace ostracism. 

e Hierarchical influence structure: This graphical representation shows the flow of power 
from the foundational to the higher levels such as abusive supervision and voice behavior 
to job tension and workplace loneliness identifying when the intervention is possible. 

e Interdependencies among the variables: It is shown as arrows V14 and V15 showcases 
how the job insecurity causes turnover intention amplifying an issue if not considered. 

e Critical role of Workplace Ostracism: Workplace ostracism is at the central position as a 
variable since it is significantly influenced and influences other variables. The concept is 
prominently influenced through abusive supervision and Organizational politics and widely 
influences other variables such as Employee Performance and Knowledge Sharing Behavior. 


The Digraph is a critical strategic tool that university leadership can use to identify key 
intervention points in higher education that may enable them to eliminate a workplace 
variable Workplace ostracism or issues vary significantly in organizational health. 


7 CONCEPTUAL MODEL BASED ON THE DIAGRAPH 


Based on the diagraph, conceptual model by putting variables names can be established as 
shown in Figure 4. 


Mediator/Moderator 


Workplace Loneliness 


Job Tension 
Job Insecurity 


Antecedents 


e Abusive Supervision 

e Voice Behaviour 

e Supervisor Support Workplace 

e Workplace Bullying Ostracism 

e Social Undermining 

e Workplace Incivility 

e Negative Workplace Demographic Variables 
Gossip (i.e, Gender, Income, 

e Interpersonal Deviance Education etc.) 

e Interpersonal Distrust 


Knowledge Sharing 
Behaviour 


e Organisational Politics 


Figure 4. Conceptual model. 
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8 CONCLUSION 


The employment of Interpretive Structural Modeling has helped to clarify the complex 
relationships between Abusive Supervision, Workplace Ostracism, and Employee 
Performance in higher education settings. Specifically, the graphical use of a Digraph fol- 
lowed by conceptual modeling resulted in identifying the key source-and-degree relation- 
ships and distinguished between the relationships that were associated with the source 
relationships. This way, the research emphasized the importance of addressing the root 
causes of the workplace negativity and Abusive Supervision in particular in higher education 
settings to create the inclusive and supportive environment that would boost academic 
productivity and performance. It can be suggested that the reduction of Abusive Supervision 
through promoting the concept of Supervisor Support would have a positive impact on 
academic productivity and creativity. 
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ABSTRACT: The lending sector, which is essential to modern life, sometimes provides a 
significant portion of bank revenues. They assist with a variety of requirements, from helping 
people afford luxury items like mansions and cars to helping students pay for their educa- 
tion. This paper examines the application of machine learning techniques for precise loan 
prediction, which is a significant undertaking in the banking sector. The research predicts 
loan outcomes using a variety of machine learning methods, including SVM, Logistic 
Regression, and DT, utilising a sizable dataset from Kaggle. Normalization, Cleaning and 
Encoding were the various steps involved in making the dataset valuable for the model 
training. Accuracy metrices is defined as a measured term that is applied to tell how efficient 
the model is. These findings are used to illustrate the significance of machine learning in the 
areas and reliability and accuracy of loan estimates for the credit decision-making process 
and the implementations of the loan defaults risk for. 


Keywords: Machine Learning, Predictive Modelling, RF Classifier, Data Driven Decisions 


1 INTRODUCTION 


The banking sector has recently become focused on modern technologies. Traditional 
methods for visualising loan outcomes and assessing risk have been improved by the inclu- 
sion of ML algorithms. Approval processes for loans have since been modified by these 
technologies in the way that they can help identify the required information from a large set 
of data to make conclusions that were earlier not possible. Thus, lending institutions will 
now have to deal with a more sophisticated and data-oriented approach to decision-making. 
Before machine learning entered the credit rating arena, the approaches were based on some 
printed algorithms and set standards. However, machine learning has given way to a shift in 
paradigm which can now accommodate the analysis of past data and borrower traits to 
make the best possible decisions regarding them. There are several ways in which machine 
learning algorithms are used to mine datasets and draw predictions based on various pat- 
terns and correlations between the data. These algorithms cover a number of problems such 
as simple logistic regression, through complex ensemble methods like support vector 
machines (SVMs), decision trees (DTs), random forests (RFs), and gradient boosting algo- 
rithms. The machine learning predictions for credit identification are based on the previous 
credit data like credit score, individual’s background, and his employment, income infor- 
mation, credit history, etc. Employing these algorithms, lending institutions are now able to 
forecast the probability and time of loan approval and foreclosure, as well as the potential 
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risk of default and other adverse events as well; the greater use of data and algorithms has 
further improved the validity and stability of credit forecasting models. 


2 LITERATURE REVIEW 


[1] Focused on estimating the risk of loan allocations for particular individuals using Naive 
Bayes models and Support Vector Machines (SVMs). The research utilised prognostic models 
to ascertain the likelihood of loan assignment security for specific clients by analysing past data 
from many establishments. The outcome prediction of the Naive Bayes exhibited the precise- 
ness in assessing loan safety. (Kadam et al. (2021)). Prominence the performance of machine 
learning methods to predict the endorsement rate loan applications. RF, DT and XGBoost 
ML models were employed on past customers records datasets. XGBoost , DTs and RFs 
achieved good accuracy in estimation of loan approval. (Singh et al. (2021, June)). 

In the study authors presented RF model in prediction of loan behavior. Applicants loan 
applications and other online data was included in the dataset to train the RF model... (Anand 
et al. (2022) Authors conducted the detailed exploration (Gupta et al. (2020, December)) Logistic 
Regression, RF and Correlation Analysis was done to predict the safe loan approvals. Bank 
dataset which includes diverse information of customers, was used in the study. SVM, RF, K-NN 
and logistic regression models were used for experimental purpose. They found that RF outper- 
forms than others models in recognizing of loan defaulters. Additionally, investigation by 
(Murthy et al. (2020)), (Tejaswini et al. (2020)), (Ereiz (2019)), (Habibi (2023)), (Ndayisenga 
(2021)), and (Aphale and Shinde (2020)) Trained various ML models to predict loan approvals. 
The main objective of the authors to anticipate failures in loan by exploring more features of 
customers, (Tiwari (2018)) RF, KNN, Logistic Regression and Classification and Regression 
Tree (CART), ML algorithms were used. In a dissimilar study, RF, Naive Bayes, and SVM 
models are compared based on the personalities or potentials of the loan applicants. (Spoorthi 
et al. (2021, November)). Logistic Regression was used to predict the probable limit of fortifica- 
tion that would consequence from lending money to a certain person. (Manglani and Bokhare 
(2021, May)). The most accurate forecast in a different study comparing RF, DT, and Logistic 
Regression showed that Logistic Regression is better suited for Loan Status. (Fati, S. M. (2021)) 


3 OBJECTIVES OF THE STUDY 


e Evaluating the efficacy of machine learning algorithms to enhance lending procedures 
and boost loan approval precision. 

e To reduce the financial risks associated with loan approvals by utilising machine 
learning-based predictive algorithms. 

e Improve the decision-making procedures to acquire precise and data-driven loan evaluations. 


Figure 1. Flow chart of the proposed method. 


Figure 1, illustrates the overall flow of research method for the present study. The following 
are the key points of the study. 
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3.1 Data collection 


A substantial dataset [Vikas Ukani (2021)] that was gathered from Kaggle is used in this 
investigation. It comprises of a wide number of records of loan with a range of details such as 
credit history, income, employment history, loan amounts, and other data. 


3.2 Preprocessing 


Before training the model for prediction, the dataset is preprocessed carefully including cleaning 
the data to for the removal of outliers and missing values, normalization is done to scale features, 
and transformation of categorical values to the numeric form so that it can be easily processed. 


3.3. Machine learning models 

The machine learning techniques such as Support Vector Machine, Decision Trees and 
Logistic Regression, plays important role in the problems of loan. 

3.4 Model evaluation 


Metrics such as accuracy is used to gauge the assessment of machine learning models. The 
accuracy metric identifies the models’ predictive power and provides a standard to compare 
the predicting capacities of various algorithms. 


3.5 Comparative analysis 


The assessment of interpretability, efficiency, of multiple machine learning models to predict 
loan outcomes is done through this study. This study helped us a lot in finding the usefulness 
and limitations of each model in terms of correct assessment of borrower creditworthiness 
and projecting loan approvals. 


3.6 Ethical considerations 


Mitigation of fairness and transparency concern and concern over concerns of bias in loan 
predictions are treated with utmost concern throughout the study. Careful handling of 
imbalanced classes is required in particular when estimating the reliability of a model. 


3.7 Empirical research and analysis 


The motive of this study is examining and evaluating the models of machine learning’s 
ability to predict loans experimentally. The analysis, validation, and comparison of the 
models is done in detail in order to offer insightful information regarding the effectiveness of 
model in improving the process of loan lending and lowermost of risk related to finance. 


4 DATASET 


Utilisation of large number of dataset is done from Kaggle.The dataset is available in CSV 
form and it consistes of 13 attributes as shown in Table 1. 


Table 1. Description of variables in the dataset. 


Variable Name Description 

D_Loan Primary Identifier 

Gen M/F 

Married Married ? (Yes/No) 
Dependent No. of Reliant 
Degree-level Graduate/Undergraduate 


(continued ) 
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Table 1. Continued 


Variable Name Description 

Independent worker Yes/No Applicant_Income Applicant’s Income 
CoApplicant_Income Co-applicants Income 

Loan_Amt Loan Amt 

Loan_Amt_Duration Duration of the Loan (in months) 
Credit_History Credit History Complies with Requirements 
Property Property Location (Urban/Semi-urban/Rural) 
Status of Loan Loan Approval Status (Yes/No) 


During the machine learning model training process, we begin by utilizing a training 
dataset comprising instances the model has encountered previously. Later, when new loan 
applicants apply, their information is employed as test data. Through this assessment, the 
model can determine the loan eligibility of these individuals. 


5 LOAN PREDICTION METHODOLOGY 


TEST THE MODEL 
ON TESTING 
i j y DATASET 
ER d 


Figure 2. The operational mechanism of our model. 


The Figure 2 illustrates the operational mechanism of our model, providing insight into the 
functionality of the loan prediction system. Following data collection, we employ a feature 
selection process. In the context of developing a predictive model, feature selection involves 
reducing the number of input variables. This process encompasses two main methods: 
supervised and unsupervised. Within the supervised approach, there are three distinct tech- 
niques: wrapper, filter, and intrinsic. Utilising a target variable, the supervised method aims 
to eliminate data inconsistencies. Conversely, in the unsupervised method, discrepancies are 
addressed through correlation analysis without employing a target variable. 


6 ANALYSING PRELIMINARY INFORMATION OF DATA 


(1) The ratio of male to female applicants is 80% to 20%. 

(2) Eighty per cent are not self-employed. 

(3) Sixty per cent are married, and eighty per cent have paid off their debts. 

(4) The majority of applicants have no dependents. 

(5) Approximately 80% of applicants are graduates. 

(6) The vast majority of applicants are from the semi-urban area. 

(7) The skewness of the applicant’s income distribution leans towards the left, suggesting a 
departure from normality. Such skewness may stem from societal income disparities, 
which in turn correlate with diverse educational backgrounds among individuals. 


7 MACHINE LEARNING METHODS 


7.1 DT 


A DT serves as a predictive modelling tool in machine learning and data mining. It constructs 
a hierarchical structure similar to a tree by iteratively dividing the dataset into smaller subsets 
using the most influential features. Each node within the tree corresponds to a feature, while 
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each branch signifies a decision rule derived from that feature. Ultimately, the leaf nodes 
provide the resulting prediction for the given data point. The accuracy of this algorithm 
is 73%. 


7.2 Logistic regression 


Logistic regression stands as a statistical method tailored for binary classification, forecast- 
ing the probability of an outcome taking one of two potential values. Unlike linear regres- 
sion, logistic regression evaluates the probability of a binary result leveraging one or more 
predictor variables. The accuracy of this algorithm is 81.25%. 


7.3 RF 


To produce the most frequent class in situations involving classification or the mean pre- 
diction in tasks involving regression, it generates a large number of DTs during the training 
phase. This method involves assembling a collection of DTs, each of which learns indepen- 
dently from a subset of the data and features. RF finds widespread application across diverse 
domains. The accuracy of this algorithm is 84.37 %. 


8 FINDINGS AND DISCUSSIONS 


8.1 Model performance comparison 


Upon evaluating the efficacy of different machine learning algorithms including Logistic 
Regression, DT, and RF, it was observed that the RF model achieved the highest accuracy 
rate of 84.37 % since it is the ensemble method for classification. This highlights how well it 
predicts credit outcomes compared to other models and demonstrates the flexibility and 
relevance of loan prediction tasks as shown in Figure 3. 


di Comparison of Model Accuracies 


0.8 


0.6 


Accuracy 


0.4 


0.24 


o.o 4 


Logistic Regression Random Forest 
Models 


Figure 3. The comparative analysis of attained accuracy by the models. 


8.2 Feature importance 


Analysis of the collected characteristics showed that the applicant’s income, credit history, 
loan amount and property location are important determinants of loan approval or rejection 
Other characteristics found to be important were marital status, age, income, credit history, 
debt level and property location. 


8.3 Machine learning method performance 


ML algorithms applied to the study had different accuracy in terms of predicting loan 
results. It is quite obvious that the logistic regression method is more accurate than the DT 
method by 8 percent as logistic regression method was 81% accurate as compared to the 73% 
of the DT method. The comparison of various machine learning techniques for loan pre- 
diction can clearly be seen in the results. 
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8.4 Application of the RF algorithm 


RF method thus is a model which best explains loan prediction efforts. It has been made 
more effective in its forecasting abilities by the ensemble approach that demands various 
DTs and combining the outcomes. 


9 CONCLUSION 


With the aim of enhancing credit management in the financial sector, this study successfully 
employed the techniques of machine learning to predict loans. A number of predictive models 
including DT, RF and logistic regression were employed to predict loans based on big datasets 
provided in Kaggle. This research helped demonstrate how strict pre-processing data, training 
and testing model ready machine learning loans for loans can enable them to predict decisions 
and reduce risk associated with lending. The research indicates that there is a need for credit 
managers to integrate machine learning to improve credit processes and decision quality and 
minimize credit losses from loan approvals. It also emphasizes how lending institutions can 
facilitate better decisions using data-driven data. It is a useful tool for the financial institutions 
as the study managed to achieve its objectives which were as follows: classifying RF, under- 
standing its performance and interpreting the sample results; it allows the financial institutions 
to make credit worthiness determination for the applicants and hence determine whether the 
applicants are credit worthy and can be approved for a loan or not. 
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ABSTRACT: Skin diseases are quite challenging to diagnose if there is a lack of 
experience in the field of dermatology due to their complexity and unpredictability. It 
often requires extensive tests to verify the skin condition that the patient may be facing, 
which also adds to the duration of the diagnosis and the varying amount of time the 
practitioners may take. So, we have developed a skin lesions diagnosis system that utilizes 
complex computational techniques to accurately diagnose the skin lesions and ensure early 
detection of the skin disease. The system also provides information about skin disease, 
including its features, common causes, and commonly prescribed treatment, which may be 
helpful for patients until they can receive medical expertise. The system can accept skin 
images and process them to enhance the images and remove noise. Features from the 
images are then extracted using the convolutional neural network (CNN) technique, fol- 
lowed by the classification of the skin disease using the Softmax Classifier’s algorithm. The 
system can classify the skin disease within a few seconds with an accuracy of more than 
95%. The system will not only be helpful for self-diagnosis but also medical students in the 
field of dermatology. 


Keywords: Convolutional Neural Network, Deep Learning, Automated Skin Lesions 
Diagnosis, Image Processing, ResNet50, MobileNetV2 


1 INTRODUCTION 


According to the World Health Organization, skin diseases are one of the furthermost dis- 
eases around the globe affecting almost 20 percent of the total population, including some of 
the mild, tolerable skin conditions like acne, eczema, etc., and severe skin diseases like 
melanoma, vitiligo, larva-migrans, etc. [1]. Skin diseases are viewed as small-time players 
when it comes to illness around the globe and are often compared to diseases that cause 
significant mortality, such as HIV/AIDS and tuberculosis [2]. Patients suffering from skin 
conditions can be mentally affected. Even after the disease has resolved, skin and sub- 
cutaneous disorders can cause significant long-term changes that impact the patient’s quality 
of lifespan, and mental and physical health, and burden national healthcare systems and 
families worldwide [3]. Thanks to technological advancements in smartphones, high- 
performance smartphones are cheaper than ever, and the internet is easily available in 
most areas, making it much easier and more efficient to diagnose skin disease using web 
applications. The time consumed in the diagnosis of skin diseases can be greatly reduced by 
using efficient machine learning and deep learning techniques. An efficient machine-learning 
technique can accurately determine whether the patient is experiencing a skin disease or not. 
It is also found that machine learning model and deep learning technique are much more 
consistent, quicker, and accurate than humans [4]. 
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2 LITERATURE SURVEY 


Skin diseases are one of the utmost prevalent diseases in the world, including a vast variety of 
categories, with different categories having different sets of features. It may require extensive tests 
to detect most of the diseases; it can be seen in the research [1] that machine learning models can 
be used to extract these features, which is much more efficient. To create a target domain, the 
authors first crawl a small collection of photos from reputable, vertical dermatological websites. 
Next, they create a source domain by gathering a sizable collection of photos from commercial 
search engines that are connected to skin conditions. The paper addresses thousands of widely 
encountered skin disorders with publicly accessible web photos, in contrast to earlier attempts 
that concentrate on a narrow and confidential group of photographs obtained from hospitals to 
represent a few skin diseases. As a result, other researchers can simply replicate the suggested 
model and adapt it to different illness types. A real-world dataset was used for extensive testing, 
which showed that their suggested strategy outperformed the most advanced competitors [1].The 
primary origins of the worldwide disease affliction are skin and dermatological diseases, which 
include urticaria, scabies, bacterial, fungal, and acne infections, as well as other common health 
issues that affect people all over the world. Even after the disease has resolved, skin and sub- 
cutaneous disorders can cause significant long-term changes that impact the patient’s quality of 
lifespan, and psychological and physical health, and burden national healthcare systems and 
families worldwide. The world over, this burden has grown. So, to lessen the burden of skin and 
subcutaneous illnesses, targeted and efficient management techniques based on each country’s 
distribution characteristics are needed. While diagnosis of skin lesions using advanced technol- 
ogy is usually accurate under the supervision of a dermatologist, using specialized tools and their 
maintenance can be expensive. Machine learning algorithms on the other hand are greatly effi- 
cient and even outperform human readers in classifying a skin disease, as it is discussed in the 
research paper [4]. 511 human readers from 63 nations participated in the reader research at least 
once between August 4, 2018, and September 30, 2018. 

Deep Neural Networks were difficult to train earlier but Algorithms like ResNet50 based on 
the concept of residual network can be used to train deep neural networks efficiently. The 
authors present a residual learning framework in [6] that is intended to make it simpler to 
direct networks that are far more deep-rooted than those that have been used in the past. A 
wealth of actual data is presented to show that these residual networks can attain higher 
accuracy with far more depth and are more receptive to optimization. While the ResNet 
architecture seems to be a good choice for training deep neural networks, it requires good 
processing power to do so. Architectures like MobileNet require less processing power, making 
them a viable option for building mobile applications. The research [7] shows how well it 
performs in the classification of images. The study [7][16] examines several achine learning 
algorithms, such as Mobilenet-v2, AlexNet, SVM with K-NN, EfficientNet, and Google 
Neural Network Inception-v3, for autonomously segmenting and categorizing certain skin 
diseases. A variety of datasets, such as HAM10000 and ISIC 2018, have been used in addition 
to different models. Almost all categorization approaches employ SVM. While the preparation 
procedure is essentially the same, the approach that uses MobileNet as a model additionally 
employed patient clinical data and a preprocessing phase that employed different shades of 
grey color fidelity algorithm in addition to using only photos for identification [7][15]. 

Considering ResNet50 and MobileNetV2 architectures, a ResNet 50 architecture-based 
model takes slightly more time to train due to deeper neural network training, and the trained 
model is more accurate but comparatively slower than the MobilNetV2 architecture in classi- 
fying images. On the other hand, a MobileNetV2 architecture takes less time to train, and the 
trained model is similarly accurate in most of cases, but image classification tasks are quicker in 
MobileNetV2 architecture. In the research [8][13] three CNN architectures ResNet50, 
InceptionV2, and MobileNetV2 were taken to classify weather images, the research concluded 
that Custom classifiers may be trained without a huge dataset and computer power thanks to 
transfer learning. Neural network architecture may influence accuracy and global efficiency. The 
accuracy of the weather classification produced by all developed models ranged from 70-73% 
(bad quality dataset of six classes) to 95-97% (excellent quality dataset of four classes). The 
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classification accuracy and duration of the InceptionV3 and ResNet50 architectures were com- 
parable. MobileNetV2 produced competitive results and had the fastest classification time. 
Compared to previous image-based weather classification models, the ResNet50 model has a 
marginally greater average accuracy (based on model evaluation) [8][12]. 


3 METHODOLOGY 


3.1 Data acquisition 


For training and testing a CNN model that can accurately classify the images, a well- 
maintained dataset of verified and precise images is required; in this case, a well-maintained 
dataset from Kaggle was used (Figure 1). The images are clear and precise, making the 
dataset suitable for the objective. 


3.2 Data preprocessing 


It is an important step to ensure that images are suitable for the training. Each image in the 
data set was resized to the standard size required by the algorithms and the noise like hair 
and skin pigmentations were removed from the images. 


3.3 Model training 


3.3.1 ResNet50 

For the model based on ResNet50 architecture, A ResNet50 model with pre-trained ImageNet 
weights was used as a feature extractor, and an additional fully connected dense layer of 256 
units with a final layer of softmax classifier was used to get the output probabilities of each class. 


3.3.2 MobileNetV2 

For the model based on MobileNetV2 architecture, a pre-trained MobileNetV2 model from 
TensorFlow Hub as a Keras layer was used to excerpt key features from the images and then 
a sequential model with a MobileNetV2 feature extractor layer. It is then followed by a 
dense layer with 8 units and softmax activation function was used. 
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Figure 1. System architecture. 


4 DATASET 


A well-maintained dataset containing images of eight types of skin diseases, the dataset was 
sourced from Kaggle, and images from the internet were used to make the dataset (Table 1). 
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Table 1. Category-wise image counts. 


S.No. Skin Disease Number of Images 
1 Cellulitis 136 

2 Impetigo 80 

3 Athlete Foot 124 

4 Nail-Fungus 129 

5 Ringworm 90 

6 CutaneousLarva Migrans 100 

7 Chickenpox 136 

8 Shingles 130 

5 RESULT 


5.1 ResNet50’s performance 


The feature extractor, in this case, was a ResNet50 model that had been trained with 
ImageNet weights beforehand. To obtain the output probabilities for each class, a fully 
connected dense layer consisting of 256 units was added, and the final layer was a softmax 
classifier (Figure 2a & b). Using a training dataset of 925 images, the model was trained with 
15 with a training accuracy of 95.29%. 


Training Loss 
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Figure 2(a). ResNet50 Training Loss over Figure 2(b). ResNet50 Training Accuracy over 
15 epochs. 15 epochs. 


5.2 MobileNetV2’s performance 


The photos were first processed using a sequential model that included a MobileNetV2 feature 
extractor layer which is then followed by a Dense layer with 8 units and a softmax activation 
function. The pre-trained MobileNetV2 model from TensorFlow Hub was utilized as a Keras 
layer to extract features from the images. Using a training dataset of 925 images, the model 
was trained with 15 with a training accuracy of 97.44% as shown in Figure 3a & b. 


Training Loss Training Accuracy 


— Train Loss 1.0 


Figure 3(a). MobileNetV2 training loss over 15 Figure 3(b). MobileNetV2 training. Accuracy 
epochs. over 15 epochs. 
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6 RESULT ANALYSIS 


After testing over a dataset of 234 images of 8 categories of skin diseases, the ResNet50- 
based model was able to classify skin diseases with an accuracy of 95.29%, and the 
MobileNetV2-based model was able to classify with an accuracy of 97.44% . Although 
MobileNetV2 performs a little bit better than ResNet50, ResNet50 can outperform 
MobileNetV2 in terms of accuracy [8], and MobileNetV2 outperforms ResNet50 in terms of 
computation time [8]. MobilnetV2 is 2.15% more accurate, and it is better than the ResNet50 
architecture in this system. MobileNetV2 is much more efficient as well. Using the 
MobilnetV2 architecture, a smartphone application can also be developed, which can also 
mitigate the need for the Internet from time to time (Figure 4a & b). 
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Figure 4(b). Confusion matrix 
Figure 4(a). Confusion matrix ResNet50-based mobileNetV2-based system. 
system. 


7 CONCLUSION 


Thus, we have seen that the two architectures ResNet50 and MobilNetV2, both can effectively 
classify skin diseases and are highly accurate. A large dataset with clear and precise images can 
be employed to train deep learning models based on these computational techniques, which 
can match the precision of trained professionals and extensive dermatological testing. These 
kinds of systems have the potential to raise research and medical quality standards. 
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ABSTRACT: Facial recognition is a well-known biometrics solution, as it requires zero 
intimidation and works effectively in automated face detection and identification sectors. 
Facial Recognition Powered Attendance Automation Accurate, removes proxy attendances 
at workplaces and educational institutions. This system consists of creating a database, face 
detection, face recognition or facial features comparison and update procedure for the 
attendance record. The classifier is a pre build SVM classifier and the encodings are 
extracted using CNN (Convolutional Neural Network)The system performs real time face 
detection and recognition from live video stream. Faculty members receive an automated 
email notification with attendance data at the conclusion of each session. 


Keywords: Face recognition, Convolutional Neural Networks (CNNs), Deep Learning, 
Data Augmentation, Attendance Management System 


1 INTRODUCTION 


In [1], the most important tools used by educational institutions and organisations to monitor 
student attendance in class and staff or employee working hours is the attendance system. Human 
error can make manual attendance-taking procedures unreliable at times. The company will save 
money and time with an automated system. Many institutions are moving to an automatic 
attendance system using digital technology and biometric authentication. However, such bio- 
metric systems can only serve a single user. Face recognition models are constantly improving 
with the help of many deep learning algorithms. An attendance system feature could make use of 
these face recognition models. Numerous governmental and private organisations employ face 
recognition technology for a variety of purposes. It has numerous uses, including liveness detec- 
tion, entry gate authentication, and crowd-based criminal identification. In [2], a face recognition 
model based on the “labelled faces in the wild” dataset a collection of various faces with corre- 
sponding labels—is employed in the proposed system. The conventional approaches to atten- 
dance management are out of date and prone to mistakes in the fast-paced world of today. Facial 
recognition-based attendance systems have come together as a dependable and effective way to 
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address these issues. To improve accuracy and performance, these systems make use of cutting- 
edge technologies like support vector machine classifiers and convolutional neural network 
encodings. Overview of the proposed application is shown in Figure 1. 
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Figure 1. Overview of the proposed application. 


2 RELATED WORKS 


Tthere is a discriminant analysis based technique for constructing compound features which 
has been shown to very substantially improve face recognition performance through the use 
of both expression independent and dependent information [l]. A Newly Tuned 
ChannelBased Design: A novel NAS-based channel using method has been tuned specifi- 
cally which targeting softwares such as Youtube videos to give outstanding accuracy on low 
sized block without tuning large then ways [ 2]. Designing new loss functions is a promising 
direction to combine them with the NAS strategy. 

In contrast to previous methods, it is more accurate and easy as compare to other tech- 
niques due to have RFID (facility of automatically read the data) based attendance system 
embedded with face recognition [4]. According to study from literature [5] on Thermal face 
recognition, the results were in favor of WLD-HI for thermal modality, and among WLD, 
GJD and LBP approaches our approach outperforms others Another example is a system 
for attendance management that uses python, PHP and Raspberry Pi to automate task [6] 
which will increase both honesty and convenience. 

Results on visual affect evoked from image stimuli using a privacy-sensitive CNN-LSTM 
network ranked similarly in arousal recognition and relative to best of the: an HMI appli- 
cation [7]. Recent approaches make use of sophisticated learning algorithms such as FPPR 
and DD-SRC which provide improvement in generalization from limited training data, and 
cope well with different viewpoints but only on ORL and FERET databases [3][8]. Similarly 
Arab sub-ethnic groups were classified by a pretrained ResNet50 model and deep clustering 
was proposed as the means to overcome issues due to label similarity [9]. Optimisations in 
facial recognition demonstrate that neural network algorithms and GPUs give superior 
accuracy, while FPGA-based solutions provide higher throughput and lower power con- 
sumption [7], thus proposing for a hybrid solution [10]. 


3 PROPOSED SYSTEM 


Students must register for the suggested system by filling out their information and taking 
pictures that will be added to a dataset. During each class, a video camera will capture 
student faces. These faces will then be automatically matched against a database of student 
images to record attendance. 

This paraphrase keeps the core idea but uses simpler language: 


“Video streaming” is replaced with “a video camera” for clarity. 

“Subsequently” is replaced with “then” for a smoother flow. 

“Identify faces” is rephrased as “capture student faces” for better understanding. 
“Dataset’s images” is simplified to “database of student images”. 
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The matching student’s attendance will be recorded if a match is discovered. A list of absent 
students will be emailed to the relevant faculty member at the conclusion of each session. The 
suggested system is graphically represented by this system architecture diagram (Figure 2). 
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Figure 2. Process of recognition. 


3.1 Data creation 


First, pictures of the students are taken with a webcam. Once the video captures faces, they 
are separated from the background clutter. This is like cutting out a picture (cropping) to 
focus only on the important part (region of interest) - the student’s face. To help standardise 
the images and facilitate comparison, the image is resized to a predetermined size in the 
following step. Ultimately, the photos are saved in a folder after being converted from RGB 
to grayscale. The students‘ identities and authentication will be verified through the recog- 
nition process utilising these pre-processed images. 


3.2 Face detection 


Using the OpenCV library, face detection employs the Haar Cascade Frontal Face Default XML 
file. The detectMultiScale module uses parameters: scale factor (1.3), neighbors (5), and minSize 
to identify faces of varying sizes by adjusting image size and detecting overlapping rectangles. 


3.3 Face recognition 


Face recognition training, this system employs three main techniques: first, it gives each 
image in the collection an integer marker. The facial recognition system makes advantage of 
the original double pattern histogram. The system starts with a list of face descriptions (like 
blueprints) converted into numbers. It then creates charts (histograms) to see which 
descriptions best match the current fashion trends. Finally, it compares these trendy charts to 
descriptions of faces it sees to identify a fashionable match. 


3.4 Attendance updating 


An Excel sheet will have identified faces marked as present by the face recognition process, 
and a list of absentees will be created and forwarded to the relevant faculties. In order to give 
parents and guardians a summary of their student’s attendance history, the system will 
update the monthly attendance sheet at the end of each month. 


4 SYSTEM ARCHITECTURE AND IMPLEMENTATION PLAN 


This system utilizes facial recognition technology to automate attendance marking for stu- 
dents or employees. Here’s a breakdown of the architecture: 
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4.1 Hardware components 


Camera: An HD camera to capture clear images or videos of individuals for face detection. 
Processing Unit: A computer or a mobile device (if aiming for portability) powerful 
enough to run the face recognition algorithms. 
Optional: Wi-Fi Module (for internet connectivity if storing data on a remote server or 
sending attendance reports via email) 


4.2 Software components 


Operating System: Standard operating system for the chosen processing unit (e.g., Windows, 
macOS, Linux, Android, iOS) 

Python Environment: Python programming language with necessary libraries like 
OpenCV for computer vision and face recognition functionalities. 

Database: Stores facial data (encodings) and user information (names, IDs). This can be a 
local database on the processing unit or a remote server for enhanced security and scalability. 


4.3 System modules 


4.3.1. Enrolment module 
Users (students/employees) register by providing their details and facial images. 

The system captures multiple images of each user under different lighting conditions for 
robust recognition. 

Facial features are extracted and converted into a unique mathematical representation 
(facial encoding) using machine learning algorithms. 

User information and facial encodings are stored in the database. 


4.3.2 Attendance marking module 
The camera captures an image or video stream of the individuals present. 
Face detection algorithms identify potential faces within the captured image/video. 
For each detected face, the system extracts facial features and encodes them. 
The extracted encodings are compared against the encodings stored in the database. 
Upon successful matching with a user in the database, the system marks attendance as 
“present” for that user. 
Attendance data (user ID, name, timestamp) is logged locally or transmitted to the server 
for storage. 


4.3.3 Reporting module (Optional) 

Generates reports summarizing attendance data for a specific period (daily, weekly, etc.). 
Reports can be displayed on the user interface or exported for further analysis. 
Optionally, attendance reports can be sent via email to designated recipients (e.g., 

instructors, supervisors). 


4.4 Implementation plan 


4.4.1 System design and development 

Define specific functionalities and user interface requirements. 
Develop Python scripts for each module (enrolment, attendance marking, reporting). 
Integrate OpenCV library for face detection and recognition tasks. 
Design the database schema to store user information and facial encodings securely. 


4.4.2 System testing and deployment 
Test the system thoroughly with various lighting conditions, poses, and individual 
variations. 

Refine the face detection and recognition algorithms to improve accuracy. 

Deploy the system on the chosen hardware platform (computer or mobile device). 

If using a remote server, establish secure communication protocols for data transfer. 
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4.4.3 System maintenance and updates 
Regularly monitor system performance and address any errors or bugs. 

Update the facial recognition model periodically to adapt to potential changes in user 
appearances. 

Consider incorporating liveness detection techniques to prevent spoofing attempts (using 
photos or videos). 


5 ALGORITHMS 


The algorithm shows a model’s progress at each level of its operation. 

In order to use this model, we have to use the following algorithm. 

The algorithm for the attendance system is Face Recognition. 

Start: A picture taken by the camera of the classroom. 

Result: recording attendance. 

EXPLAINATION OF PROBLEM: Student Identification and Verification at School and 
College. 

Step 1: Get going 

Step 2: Instruct the student to enter their photo and credentials into the face database. 

Step 3: Set up the camera in a peaceful location so that it can capture all of the student 
photos. 

Step 4: Enter the photo that was captured by the camera. 

Step 5: Handling Images 


5.1 Obtaining the input image and carrying out image acquisition. 

5.2 After the input image has been converted, make it a grayscale image and apply histogram 
equalisation. 

5.3 Next, eliminate any noise from the image. Skin clear is the next step; steps a and b are 
under image improvement. 

Step 6: Recognition of Faces 

6.1 Cut the faces of the students from the input image that was taken from the higher 
platform. 

6.2 Choose the relevant interest component. 

Step 7: Identifying Faces. 

7.1 Compare the cropped images with images from the face database. Locate the server that 
tracks attendance. 

7.2 Proceed to step 6 once again if the picture does not match or if any new faces are present. 
Step 8: End. 


6 RESULTS AND DISCUSSION 


An OpenCV-based face recognition system automatically tracks attendance via webcam 
video in educational institutions, achieving over 90% accuracy in classroom testing. 
Performance improves with better camera quality, lighting, and training data. 

In the first step of this facial recognition attendance system, student photos are captured 
and stored in a dedicated database for future identification. This “face library” allows the 
system to recognize students when marking attendance (Figure 3). 


Face taking module = Training module —— 
Attendance Module 


Figure 3. Process of face recognition. 
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7 CONCLUSION AND FUTURE SCOPE 


Facial recognition provides an elegant solution that can reach new levels of efficiency and 
reliability with the recent rise of machine learning and computer vision in AI. For first few 
steps, this involves installation of four modules face capture, camera, training, and attendance 
management from which user needs to customize as per the usage and requirement for each 
specific institution. In spite of improved tracking accuracy and efficiency, it is important to 
implement robust safeguards to mitigate any privacy or security concerns around student data. 

Their mark AlI-based attendance systems smoothen data transmission and analysis 
through real-time monitoring, multimodal recognition (voice and fingerprint), and pre- 
dictive analytics like absenteeism proactivity. Enhanced accessibility and data management, 
through mobile app integration and cloud-based storage Custom dashboards allow educa- 
tors to track progress and take a data-driven approach, while training on custom datasets 
will further increase accuracy with facial recognition. 
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ABSTRACT: The applications that are based on system-on-chip technology are currently 
powered by batteries. The use of a variety of low power/energy circuits is required in order to 
extend the duration of operation. As a result of its exceptional performance, graphene 
nanoribbon transistors (GNRFETs) has the potential to serve as an alternative to silicon (Si) 
semiconductors for the development of power and energy-efficient circuits. Utilizing multiple 
valued logic (MVL), particularly ternary logics that consists of three levels, is another method 
that may be used to decrease the amount of power or energy that is consumed by a circuit. This 
study presents a revolutionary ternary multiplier based on ternary unary-functions and dual 
VDD, respectively. The multiplier is not designed using decoders, gates, cascade transmission- 
gates, and multiplexers. Hence, the number of FETs, latency, power, and energy consumption 
are all reduced drastically in design. The multiplier is modeled utilizing GNRFET model with 
32nm node and designed in HSPICE for functional verification. Furthermore, delay, power 
and power delay product (PDP) of multiplier design is analyzed and compared to conventional 
CNTFET technology. The proposed GNRFET multiplier shows degraded delay, power and 
PDP up to 46.75%, 24.38% and 59.73% than the CNTFET ternary multiplier circuit. 


Keywords: Ternary, GNRFET, Graphene, VLSI and Multiplier 


1 INTRODUCTION 


According to Moore’s prediction, the size of transistors is continuously decreasing, which in 
turn increases FETs count on a chip. This leads to improved performance over many years 
[1]. Nevertheless, as the transistor size decreases to nanometers, particularly lower that the 
32nm, complementary metal-oxide-semiconductor FETs (CMOSFETs) encounter numer- 
ous significant issues. These include large current leakages, increased power, compromised 
gate controllability, substantial parameter variations, and shorter channel issues, all of which 
greatly impact performance [1-3]. A potentially advantageous alternative to CMOS tech- 
nology is being considered in order to continue the process of decreasing the size of the 
transistor while also addressing the issues that have been addressed before. As a prospective 
other substitute to CMOS [4,5], the GNRFET is the most promising option among the 
different solutions in the transistor technologies that have been presented by researchers and 
scientists. This is due to the fact that it provides unique features and functions that are 
similar to those of CMOS-based transistors. In addition, GNRFETs have a large mobility, 
higher ION/IOFF, and great transconductance [6-8]. Additionally, they have a low power 
consumption and reduce parametric changes. These are the reasons why GNRFET is the 
greatest contender for designing digital circuits that are efficient [9,10]. 

Utilizing MVL is most effective method to enhance power/energy efficiency in the digital 
system [1]. This is due to MVL‘s ability to use extra logic than two logics for calculations, in 
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contrast to two valued logics. As the transferrable amount and data in MVL rise, the number 
of linkages reduces, along with the area [1-3]. Through the use of MVL, the chip area is 
reduced by a maximum of 70% and the energy consumption is decreased by over 50% [11]. 
Computations using the “e” basis are more energy-efficient compared to other bases due to 
hardware constraints that require mathematical operations to be performed using a basis 
with an integer value [12]. Hence, the nearest whole number to the base “e” is three, which 
must be used. Circuits based on three-valued or ternary logic may be created and executed 
efficiently by utilizing multiple threshold voltages (multi-Vth). The Vth of a GNRFET may 
be regulated by manipulating width of GNR [9]. The GNRFET device’s advantageous 
feature makes it an ideal choice for implementing ternary circuits. 

Obtaining voltage of 0.5VDD in ternary design that employs three logics of “0” (ground), 
“1” (0.5VDD), and “2” (VDD), is a significant challenge. For the purpose of obtaining VDD/ 
2, it is common to use dual resistors or dual diode like FETs in various designs to establish 
voltage divisions. Nevertheless, it results in an escalation in energy usage. An alternative 
approach to address this issue involves using dual VDD elements, namely VDD and VDD/2, 
but with drawback of an augmented complexity of interconnects [1,11]. A DC to DC con- 
version schematic may be used to create the voltage component VDD/2 for the power supply. 
This study introduces a technique to develop the multiplier that uses 32nm GNRFET. This 
multiplier is not developed using decoders, gates and dual resistors or dual diode like FETs 
[13-17] to obtain logic 1 that increases FET number, delay and power. The suggested archi- 
tecture utilizes just unary functions from the ternary design and incorporates dual-VDD 
approach.The rest of study is planned as: In Section-II, discussion on GNRFET is presented. 
The overview of ternary is described in Section-HII. The proposed ternary multiplier design 
using GNRFET is discussed in Section-IV. The Section-V depicts the conclusion of the work. 


2 LITERATURE SURVEY 


Based on the literature, the multiplier utilizing various techniques are already designed. In 
[11,18,19], the multipliers are developed using the conventional techniques. The logic gates, 
decoder and encoder circuits are used to develop the multiplier using 100 CNTFETs in 
[11,18,19]. However, 100, 76 and 61 CNTFETs are used in [19], [18] and [11], respectively. In 
[20], multipliers with 30 CNTFETs using unary operators and multiplexers are presented. In 
[21], dual supply method is presented. In [3], multiplier with 38 CNTFETs are used. In [22], a 
multiplier on resistive random access memory (RRAM) with 62 CNTFETs are used. 


3 GRAPHENE-NANORIBBON-FET 


In this study, Illinois university model of GNRFET is utilized for SPICE simulations that 
are presented in [23-26]. Additionally, concepts and numerical equations of GNRFET are 
depicted. The GNRFET structure is depict in Figure 1. The GNR sheets are placed in 
channel region and drain and source regions are highly doped GNR sheets. The GNRs can 
acts either as semiconductor or metal based on dimer values (n). The GNRs depicts the 
nature of semiconductor when the n = 3p or 3p+1, p is integer. Depending on n, width of 
GNR (W) is calculated by equation (1), where a is CC distance in GNR sheet. 
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Figure 1. Structure of GNRFET and GNRFET Vj, for different GNR n values. 
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(1) 


The V,, of GNRFET is evaluated by equation (2), where E, is bandgap of GNR and e is 
charge, correspondingly. The comprehensive discussions on the bandgap of GNR is clearly 
presented in [14]. The calculated and simulated values of V,,, for different GNR dimer lines 
are illustrated in Figure 2. The threshold values are inversely proportional to dimer lines. 


E 
Vin = a (2) 
e 


In Figure 1, Len is undoped GNR length, Laa is doped GNR length at drain, Lss is doped GNR 
length at source, Tox is oxide-thickness, Csu» is coupling capacitance and Keate is dielectric con- 
stant. In GNRFET, source and drain terminals are doped with donors/acceptors. Doping reser- 
voir with donor is known as nGNRFET, whiles doping it with acceptor is known as p-GNRFET. 
The Table 1 provides the ON and OFF states of both N-GNRFET and P-GNRFET, respec- 
tively. It is noticed that the GNR with dimer line 12 provides the threshold voltage as 0.23V and 
the GNR with dimer line 6 provides the threshold voltage as 0.43V, respectively. 


Table 1. ON-OFF states of both PGNRFET and NGNRFET. 


— s 

Type of FET n OV 0.45V 0.9V 
PGNRFET 6 On Off Off 
12 On On Off 
NGNRFET 6 Off Off On 
12 Off On On 


TP1 


H Voo/2 12 J12 TN2 = 
A Ap A An TP2 
] — | 6 
TN1 al al NTI Th al 
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Figure 2. Circuit diagrams (a) NTI, (b) PTI (c) STI. 


4 TERNARY LOGIC OVERVIEW 


When designing and implementing a VLSI circuits, the usage of the binary logic systems that 
employs “0” (gnd) and “1” (VDD) result in increases in the complexity, area, and power 
consumption, respectively. This is because the number of interconnections is increased. 
Interconnections take up a significant portion of the space in a modern VLSI circuit, which is 
close to 70% total size. The MVL system is a good to the binary logic system. This is due to 
the fact that it makes use of more than two logical values, which in turn decreases the 
interconnect complexity. Therefore, it is feasible to attain great compactness while simulta- 
neously maximizing power and energy efficacy. There are three logical values that make up 
three-valued (ternary) logic: “0” (gnd), “1” (0.5VDD), and “2” (VDD). It has been 
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statistically shown that this version of MVL system is most efficacy as per both complication 
and cost when compared to alternate systems. 

There are 3° unary operators or gates with one input and output, in a ternary logic system 
with a base of three. If A is defined as {A;, A>,... ... , Ay}, then a f(A) is a ternary that 
maps {0, 1, 2}" to {0, 1, 2}. The expressions 3, 4, and 5 illustrate the OR, AND, and NOT 
gates, respectively, where A;, A; = {0, 1, 2}. These equations form the basis of ternary logic. 


A; + A; = max{ Aj, Aj} (3) 
Arj = min{ Aj, A;} (4) 
Aj =2- A; (5) 


The Figures 2(a,b,c) demonstrate the three distinct varieties of inverter, namely the NTI, PTI, 
and STI. When 4 is a ternary input with values in the interval (0, 1, 2), the NTI of A is denoted 
as Ay, the PTI of A as Ap, and the STI of A as A. It is possible to express Ay and Ap using 
Equations 6 and 7, respectively. The circuits shown in Figure 3 are explained in depth in Table 2. 
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(a) 
Figure 3. The circuit diagram of multiplier (a) product and (b) carry. 


Table 2. Operation of inverter circuits. 


FET 
Circuit Input Values On Off Output Values 
NTI 0 TP1 TN1 2 
1 TN1 TP1 0 
2 TN1 TP1 0 


(continued ) 
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Table 2. Continued 


FET 

Circuit Input Values On Off Output Values 
PTI 0 TP1 TN1 2 

1 TP1 TNI 2 

2 TN1 TP1 0 
STI 0 TP1 TN1, TN2, TP2 2 

1 TP2, TN2,TN1 TN1, TP1 1 

2 TP1, TP2, TN2 0 


5 PROPOSED GNRFET MULTIPLIER 


Depending on truth-table given in Table 3, inputs of ternary multiplier X and Y are multi- 
plied to produce the outputs product and carry, respectively. As observed for the Table 3, the 
carry has two logics i.e., 0 and 1. The carry produces the logic 1 for the inputs is equal to 
logic 2 and for the rest of the rest it provides the carry as logic 0. Hence, the equation for the 
multiplier carry can be stated as shown in equation (8). In the proposed carry multiplier 
circuit can be developed using the NOR gate with supply voltage Vpp/2. The circuit diagram 
of the proposed multiplier carry circuit is shown in Figure 4b. 

Based on the data inTable 2, let us consider a multiplier and show its logic 0 product 
for inputs of logic 1 in Table 3 using FETs TN3 and TN4 (Figure 4a). A=1, product = B 
from TN1, TN2, TP1, TP2 and TP3. For A=2 and B=1: product=2, realized by TP5- 
TP6-TP7. Product=1, connected to 0.5VDD by TP4-TP6-TP7 (Figure 4b) for A=2 and 
B=2 Design Tertiary Multiplication GNREFT (GNRFET), Figure 4, 23GFRFETs, 
0.9V, 27°C, f = MHz (GHz), output fast and glitch free Table 3 demonstrate that the 
proposed CNTFET multiplier offers a better performance compared to the traditional 
CNTFET multiplier in terms of delay, power and PDP. 
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Figure 4. Output response of proposed multiplier circuit. 


Table 3. Comparative study of proposed work with CNTFETs. 


Multiplier 
Performance GNRFET CNTFET 
Delay (ns) 232.45 436.56 
Power (uW) 3.97 5.25 
PDP (pJ) 0.922 2.29 
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6 CONCLUSION 


The GNRFET based ternary multiplier circuit is developed using the unary operators and 
dual-supply voltages. The proposed technique reduces the transistor count and offers high 
performance. The proposed ternary multiplier circuit is simulated using HSPICE simulator 
using GNRFET SPICE model. The various performances such as delay, power dissipation 
and PDP are investigated and compared with the existing the CNTFET technology based 
multiplier. The proposed GNRFET multiplier show large performance on an average up to 
50% over CNTFET multiplier design. Hence, using the GNRFET technology for ternary 
applications may provide better performances in upcoming ICs. 
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ABSTRACT: The study of a solar (PV)-based multiport converter intended for EV char- 
ging is presented in this paper’s abstract. Even in times of low sunlight, the system’s array of 
solar cell storage and bidirectional DC-DC converter provide a steady supply of power to 
the DC motor. By functioning in both directions, the multiport converter effectively controls 
power distribution, making it possible to store extra energy from the photovoltaic panel in 
the designated battery. A complex MPPT (Maximum Power Point Tracking) controller 
enhances the extraction of electricity from the PV module under changeable load and irra- 
diation circumstances. Through testing in MATLAB/Simulink, the model’s effectiveness and 
efficiency were carefully assessed, offering important insights into the Multiport Converter’s 
abilities in the suggested EV charging architecture. 


Keywords: Battery pack, Maximum Power Point Tracking, PV panel and Multiport 
converter 


1 INTRODUCTION 


Electric vehicle (EV) charging systems are developing quickly, particularly when it comes to 
integrating renewable energy sources like photovoltaic (PV) panels. The modeling and evalua- 
tion regarding a PV panel based multiport converters for EV charging applications are the main 
objectives of this workThe multiport conversion device, which serves as a vital connection 
between the Ev’s power source, the grid, and the solar panels, enables energy control and 
utilisation. Several operating scenarios involving the multiport converters are investigated 
through in-depth modeling and analysis, considering variables like solar irradiance fluctuations, 
battery pack state of charge, as well as grid availability.Ensure optimal charging performance, 
minimise grid dependency, and maximise the usage of renewable energy sources, the converter’s 
ability to manage power flow between different loads and energy sources is evaluated. 


2 LITERATURE REVIEW 


Current modest power rates are one of the limitations multistage converters & high-power 
charging methods may be included in the future. In [1],[15] Conventional techniques put strain 
on the grid, while new high-capacity batteries for electric vehicles allow for faster charging. An 
approach to reduce grid demands is presented in this paper a multiport converter that includes a 
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stationary storage port. It concentrates on the principles of DC/AC converters and advances 
theoretical knowledge by validating the findings via experiments on a low-power prototype. In 
[2],[16] order to reduce grid effect, this research suggests a novel energy converter architecture 
for rapid EV charging stations that makes use of integrated divided battery storage and cas- 
caded H-bridge converters. Without the need for extra high-power chargers, simultaneous EV 
charging is made possible by multiport output capabilities. First experimental findings are 
provided, and a variety of operating modes and control functions including state-of-charge self- 
balancing are examined. In [3] This article describes the Triple Action Bridges (TAB) multi-port 
converter framework, which serves as a hybrid energy source’s power electronic interface as well 
as an onboard charger for EVs. Through tracking of maximum power points and the 
enhancement of converter-based Power Factor Controls (PFC), it connects solar, batteries, and 
ultra-capacitor libraries with the EV’s DC-bus. Simulations using MATLAB/Simulink verify its 
functionality in a variety of operating conditions. In [4],[11] Electric vehicles (EVs) have a 
greater place in smart grids because to recent developments in energy storage technology. 
Batteries stacks and the grid can interchange energy in both directions with the help of a 
suggested Multi-Stack Battery Configuration (MSBC). Its efficacy is confirmed by simulations, 
which provide effective two-way communication and independent regulation of every battery’s 
energy consumption contribution in EVs. In [5] this research proposes a cascaded H-bridge 
(CHB) converter as the power converter architecture for quick EV charging stations. It is 
directly connected to the medium-voltage network. Although parallel connected dual half- 
bridge dc to de converters offers multiport charging without the need for extra high-power 
chargers, split battery energy storage elements lessen their impact on the grid. Analysis is done 
on flexible submodule setups and control functions, such as state-of-charge self-balancing. 
Preliminary experimental findings are generated, along with a downscaled laboratory proto- 
type. In [6],[10] the purpose of this study is to provide a reversible multiport (MP) DC to DC 
converter that can be used to integrate electric cars (EVs for short into parking lots so that they 
may be loads or suppliers of energy. Enhancing the role of EVs in energy ecosystems, it presents 
switching techniques and sharing of power flowcharts confirmed by simulation and practical 
testing with 3 plug-in EV batteries. In [7]-[9] the reversible multiport DC to DC powering 
converter (BMPC) presented in this study may be used to integrate several DC sources into the 
common DC-link of battery electric vehicles (BEV) powertrains. In addition to facilitating 
power flow regulation between High Energy Batteries (HEB), Supercapacitors (SC), and High- 
Power Batteries (HPB), the BMPC offers small size, minimal EMI, centralised control, 
dependability, and efficiency [12]-[14]. 


3 EXISTING METHODOLOGY 


Multi-port converters are available in many different configurations, each designed to meet 
specific application requirements and provide bidirectional power transmission between 
various energy sources and loads. Some typical varieties of multi-port converters are 
listed below: 


3.1 Dual-input, singular-output (DISO) converter 


This type of converter enables energy to be supplied to a singular output load from two 
separate input sources.It has two input connections and one output port.When energy 
redundancy or source hybridization is necessary, such as in renewable energy systems that 
incorporate both wind and solar energy inputs, this kind of converter is frequently utilized. 


WVpv 
boo = Ip—- I, 1 
y Ne (tr o( ae) ) (1) 
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3.2 Single-input, dual-output converters (SIDOs) 


On the other hand, the SIDO converter allows energy to be redistributed to multiple export 
loads from one input source since it has a single input line and two output ports. 
Applications where electricity must be delivered to several loads at once, as microgrid 
structures with multiple dispersed loads, might benefit from this setup. 


qYmpp 
I = Ip — Io| ——S 2 
Mppt ve( P o( me) ) (2) 


3.3 Dual-input dual-output (DIDO) converter 


The third type of converter is the Dual-Input Dual-Output (DIDO) converter, which enables 
electricity to be transferred between two inputs and two output loads.They have a more 
complicated architecture with two input ports & two output ports. Applications needing 
energy exchange between several sources and loads, such electric car charging stations with 
grid & renewable energy inputs, are suited for this kind of converter. 


Vinpp = Ki * Voc (3) 


3.4 Multi-input multi-output (MIMO, which stands) converter 


This type of multi-port adapter is the most versatile as it has many ports for input and output 
that can accommodate various combinations of input and output load sources. This design is 
appropriate for complicated energy systems like smart microgrids or hybrid green energy 
systems since it allows for flexible energy control and distribution among various energy 
sources and loads. 


Impp = Ky * Ise (4) 


3.5 Matrix-type multi-port converter 


Bidirectional 


converter 


BATTERY 


P V PANEL 


Figure 1. Solar power-driven bidirectional converter for block schematic of an electric vehicle. 


Figure 1 shows the recommended circuit for a PV-fed bidirectional converter in an EV. The 
boost circuit is represented by the photovoltaic array - C - L - S1-D - C at the opposite side of 
the load in Figure 1. The battery serves as a source of power side boost circuit, and the C - S2 
- L - battery load’s right side operates as a buck converter for short. Every time there is 
sunlight, the photovoltaic panel generates the supply voltage. Switches S1 and S2 turn on the 
boosted voltage that is given to the load and the buck potential that charges the battery, 
respectively. By attaching the controller for the MPPT to the PV panel, the highest output of 
the panel is obtained from the load. The MPPT uses its Perturb and Observe (P & O) method 
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to extract the most power from the panel. A flow chart that explains the P & O method is 
shown in Figure 2. 


SOCW = Qremaning(t) % 100 (5) 


max(t) 


4 SIMULINK MODEL OF A BIDIRECTIONAL CONVERTER FOCUSED ON 
SOLAR POWER FOR ELECTRIC VEHICLE CHARGING 


The photovoltaic (PV) panel, the MPPT controller circuit (P and O), and all of the simulated 
battery power control circuits make up the circuit. PV does not produce input power. The 
reference potential is around 48 V when there’s no radiation. When no power is generated 
because the battery is driving the load, the charge status drops to 44.98%. When there isn’t 
any input while the current flowing is around 18A, the battery runs out. When there is no 
input, the battery voltage during its discharge phase is 25.6V. There’s no input voltage, and 
the load’s output voltage is around 48V. When there is no input, the load’s voltage output is 
around 48 V. Increased radiation causes the PV input power to grow, powering the appliance 
and charging the battery at the same time. The PV panel provides a power of about 900 
irradiations, and the charge level increases as the battery is charged. When the battery is in 
the state of charging mode, its voltage is around 26V. The battery pack has negative current 
running through it while it is charging. The bidirectional converters help to maintain the 
load’s output voltage at 48 V. P & O Algorithm Flow Chart is shown in Figure 2. 


Figure 2. P & O algorithm flow chart. 
5 RESULTS DISCUSSIONS 


Case I: Variable Irradiation 


Figure 3. Battery response of photo panels a) Voltage, b) Soc, c) Irradiation, d) O/P Voltage, e) P-P 
Voltage, f) Current. 
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Case II: Zero Irradiance 
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Figure 4. Battery response of photo panels a) Voltage, b) J,,J,ref €) Irradiation, d) Panel O/P Power, 
e) SOC, f) V ref, VLoad- 


The results of the simulation are shown in Figures 3 and 4. A reliable starting point for 
assessing the effectiveness of PV systems is provided by the reference voltage, which is always 
48 V. An increase in load voltage denotes brief variations that might because by outside 
variables like shifts in load demand or illumination. The Figure 4a shows that the battery 
voltage for variable irradiance id 29V but for zero irradiance it is 25V. The Figure 4b shows 
that the battery current for variable irradiance id 29Amps but for zero irradiance it is 
20Amps. The Figure 4c shows that the battery voltage for variable irradiance id 29V but for 
zero irradiance it is 25V. The Reference voltage is 48V for both cases, whereas the peak for 
variable irradiance is 59V. The Figure 4e shows that the PPV for variable irradiance 
is1000Watts at peak, but for zero irradiance it is 0Watts. The Figure 4f shows that the SOC 
for variable irradiance and Zero irradiance is45%at peak. 


6 CONCLUSION 


In summary, the analysis reveals key insights into the PV system’s performance. The 
stable reference voltage of 48V provides a reliable benchmark, while fluctuations in load 
voltage indicate transient responses to environmental changes. Gradual increases in battery 
voltage reflect efficient solar energy utilization. Fluctuations in SOC, initially decreasing and 
then rising, suggest challenges in energy storage and utilization under variable irradiance. 
PPV gradually rises with solar irradiance, indicating system responsiveness. Variable irra- 
diation highlights environmental dynamics, necessitating adaptive control strategies. 
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Decreasing battery current and reference voltage with increasing irradiance underscore the 
need for refined energy management. These findings enhance understanding and inform 
strategies for optimizing PV system performance. 
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Assistive glass for hearing impairment using speech recognition 
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ABSTRACT: This system focuses on designing assistive glasses as assistive technology, these 
glasses aim to provide a solution by offering accurate real-time speech transcription displayed 
conveniently on the glasses. When worn, the assistive glasses can be attached to a regular pair 
of eyeglasses, ensuring compatibility with any prescription the wearer may have. The system 
analyzes audio input from a microphone and displays the transcribed text, facilitating seamless 
communication for individuals with hearing disabilities. The potential impact of this system is 
significant, as it not only addresses communication barriers but also contributes to raising 
awareness and improving educational and cultural levels for people with hearing disabilities. 
By fostering effective communication with friends and society at large, these assistive glasses 
have the power to enhance social inclusion and quality of life for the deaf community. 


Keywords: Assistive glass, Real-time speech, Communication, Extraction 


1 INTRODUCTION 


This system combines cutting-edge speech recognition technology to produce assistive specta- 
cles specifically designed for people with hearing difficulties. The text emphasizes the potential 
for innovation to enhance the lives of people with disabilities in the era of rapid technological 
advancement. Accessibility, communication, and general quality of life can all be improved by 
assistive glasses for the deaf. Its characteristics, such as the ability to convert spoken words into 
text, improve communication for those who have hearing problems. The development and 
implementation of assistive glasses specifically designed to improve accessibility for people with 
hearing impairments is the main goal of the system. Assistive glasses are made to be easy to use 
and blend in seamlessly with traditional spectacles, giving users the ability to personalize them 
to suit their tastes and level of comfort. In order to facilitate learning, educational settings 
should offer real-time transcriptions so that deaf students can more easily follow lectures. By 
quickly transcribing spoken words, the glasses assist those with hearing loss in communicating 
more successfully in a range of social and professional scenarios. Users can use the wearable 
device’s voice recognition capabilities in social settings, professional settings, and educational 
settings. People who are hard of hearing can participate fully in conversations and activities by 
being more autonomous and self-sufficient in their daily lives with the use of assistive spectacles. 
One major advancement in the use of technology to meet the needs of people with disabilities is 
the creation of voice recognition assistive glasses for hearing impaired people. The initiative 
intends to bring people with hearing impairments more inclusion and a higher quality of life by 
fusing cutting-edge software algorithms with creative hardware design. 


2 LITERATURE SURVEY 


The creation of assistive communication technologies for people with disabilities has attracted a 
lot of interest lately. A Raspberrypi-based assistive communication system designed for the 
requirements of the deaf, dumb, and blind was presented by Suvarna Nandyal and Shireen 
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Kausar [1], demonstrating innovation in inclusive technology. In her investigation of speech-to- 
text translation developments, Tzu-Wei Sung [2] emphasized the need for end-to-end fixes to 
increase accessibility. Elakkiya [3] contributed to the development of assistive technology for 
communication by demonstrating the application of speech-to-text conversion utilizing Hidden 
Markov Models. Assistive glasses with real-time voice recognition and transcription capabilities 
were introduced by Noel Jacob et al. [4], providing the hearing impaired with useful help. IoT 
edge computing’s major technologies and difficulties were examined by S. Naveen and M. R. 
Kounte [5], who also highlighted how IoT may improve accessibility solutions. Silent aug- 
mented narratives were invented by Susanna Berra, Claudia Pernencar, and Flavio Almeida [6], 
who used augmented reality to enable inclusive communication for the hard of hearing and 
deaf. The relevance of real-time accessibility features was highlighted by Roshan Mathew, 
Brian Mak, and Wendy Dannels [7] as they built multi-modal, real-time accessibility solutions 
based on augmented reality for the deaf and hard-of-hearing community. In his investigation of 
the usability of automated voice recognition services for the hard of hearing, Abraham Glasser 
[8] brought attention to developments in accessibility solutions driven by technology. In order to 
help people with numerous disabilities, Siddhant Salvi, Sudipta Pahar, and Yuvraj Kadale [9] 
presented an assistive glass that uses IoT and machine learning technologies. This solution 
demonstrates how cutting-edge technology may be integrated for inclusive solutions. In their 
thorough analysis of navigation systems, Roya Norouzi Kandalan and Kamesh Namuduri [10] 
emphasized the significance of accessible navigation options for people with impairments. 


3 METHODOLOGY 


3.1 Planning and gathering 


The system’s goals and objectives center on enhancing quality of life, accessibility, and 
communication for people with hearing impairments. Studies are conducted to comprehend 
the requirements and obstacles encountered by the deaf community. The necessary parts for 
the assistive glasses system are gathered, together with the technologies, functionality, and 
usability factors that are required. Taking into account elements like speech-to-text con- 
version, connectivity choices, and user interface design, these are the best parts for the 
assistive glasses system. Understanding the clear requirements of deaf people both in frugal 
and proficient ways, like real-time transcription. This particular stage focuses on the base- 
level planning for developing assistive spectacles, focusing on less affluent people with 
hearing difficulties. To foster the comfort of deaf people with multiple applications with this 
development, it is essential to use efficient hardware and software setup. 


3.2 System components and setup 


This stage focused on the selection, integration, and setup of components essential for system 
functionality. Components are being selected based on every aspect, including health, cost, 
efficiency, and performance. The server side is made strong by agile code for the system. The 
input received from the microphone is converted to digital data and sent to a server where 
the data is processed. And the required text is generated and sent to assistive glass. INMP441 
is an omnidirectional microphone MEMS (Micro-Electro Mechanical System) due to its 
high precision it captures speech quicky and accurately. 

The text generated is displayed using an OLED display. OLED displays have a number of 
benefits, such as better energy efficiency, flexibility, and image quality. OLED displays are 
widely utilized in TVs, smart watches, tablets, smart phones, and car displays because of 
their excellent image quality and adaptability. Detailed Working 


3.3 Development and testing 


This phase involved the iterative development and rigorous testing of the system compo- 
nents. The hardware requirements, software functionality, and user interface design for the 
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assistive glasses system are specified. Create or modify software for the assistive glasses 
system, such as recognize speech-to-text conversion, navigation, user interface modification, 
and connectivity functions. Implement user interface designs and algorithms that are specific 
to the color accuracy, brightness, and resolution of OLED displays. Create an intuitive user 
interface for the assistive glasses that takes accessibility features like gesture-based controls, 
color contrast, and font size change into account. To ensure a seamless and intuitive user 
experience, test the usability of the design and make necessary modifications to it based on 
user feedback. Combine the software and hardware elements to create a functional assistive 
glasses prototype. Perform thorough testing to confirm the system’s performance, depend- 
ability, and usefulness in a range of applications and use cases. 


3.4 Deployment and maintenance 


Focusing on the speed of reception and transmission is to be taken care of regularly. 
Hardware and software shall be maintained periodically for seamless performance. 

The assistive glass wearable as a spectacle is carried by the user to various places where the 
server receiving the signal and converting it to text format is done by the server, which is 
maintained in a LAN connection at a defined place. Continuous monitoring of the system 
was implemented to promptly address potential issues, and regular maintenance schedules 
were established to ensure the optimal functioning of sensors, devices, and solar panels. 


3.5 User interface and reporting 


A user-friendly interface was designed to facilitate user interaction. The interface is both 
friendly and efficacious. It gives users access to the various functions and capabilities of the 
assistive glasses system, including help, settings, communication. It lets users personalize the 
assistive glasses system in a number of ways, such as notification preferences, connectivity 
choices, and accessibility settings. The assistive glass is completely configurable using the 
mobile application which comprises of all necessary details. 


4 ARCHITECTURE OF THE SYSTEM 


The ESP32 is the main component of the speech of speech recognition, it is connected with 
display and microphone as shown in Figure 1. The microphone serves as the structural 
backbone for tracking the speech and converting it into text. The Microphone captured 
analog data is converted to digital data and sent to server for further processing. 


Server 


Acoustic 
Model 
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P Extraction P 
Language 
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Figure 1. Block diagram. 
The ESP 32 microcontroller is used to manage multitasking simultaneously, such as 


controlling user interface interactions while executing a speech recognition algorithm. 
Because of its energy-efficient architecture, the ESP32 can be used with battery-operated 
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devices such as wearable assistive glasses. The ESP 32 has a high clock speed, a compact size, 
and easy user handling due to its low power consumption, which prolongs battery life and 
ensures extended usage without frequent recharging. Rich documentation, libraries, and 
community forums are all part of the open-source development environment that provides 
strong support for ESP32. This support facilitates system optimization and debugging, 
expedites prototyping, and streamlines the development process. With a range of models and 
configurations to meet diverse system needs, the ESP32 platform is extremely expandable. 

The text format is seen on the OLED display. OLED screens are easily readable in a 
variety of lighting circumstances because they have great contrast ratios and brightness 
levels. Wide viewing angles provided by OLED screens enable wearers to see the panel well 
from a variety of angles. This guarantees that, regardless of the wearer’s head position or 
viewing angle, the transcribed text and user interface elements will always be visible and 
readable. Energy-efficient OLED displays only use power when their pixels are lit. By doing 
this, the assistive glasses‘ battery life is extended between charges without compromising 
readability. The data proceeded to the acoustic model after feature extraction. It is a key 
element of systems that use automated speech recognition (ASR) to convert spoken language 
into text. The link between acoustical signals and phonemes the smallest units of sound in a 
language is represented by the acoustic model. Predicting the possibility of detecting a series 
of phonemes given an input audio signal is its main job. An audio waveform segment, 
usually in the form of a series of digital samples taken from a microphone, is fed into the 
acoustic model. It links the linguistic representations of spoken words to their auditory 
properties. The term “linguistic representations” refers to a variety of techniques and models 
used in automated speech recognition (ASR) and natural language processing (NLP) sys- 
tems to represent language. It enhances accuracy and fluency. 
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Figure 2. Sequence diagram. 


A hidden Markov model (HMM) can be used to determine the most likely sequence of 
hidden states using the Viterbi method, a dynamic programming technique. It is frequently 
used in many different domains, including communication systems, bioinformatics, speech 
recognition, and natural language processing. The algorithm stops when the most likely set 
of states has been identified, and the matching word or phoneme sequence is output as the 
recognition result. The final text is displayed on the OLED panel after being converted to an 
HTTP response (Figure 2). 


5 DEVELOPMNET OF MODEL 
Protocols like HTTP and WebSocket enable communication between assistive glasses 


and servers, translating spoken words into text through server-side speech processing 
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algorithms. To convert speech to text in real time, use speech recognition tools or APIs. 
Implement data management systems to securely store and retrieve user data while 
ensuring privacy and data protection, and utilize analytics tools for performance eva- 
luation. Implement security best practices to prevent unauthorized access, manipulation, 
and data breaches of server-side resources and data. The assistive glasses send out a 
request for a websocket connection to this server. Once the websocket connection is 
made, the assistive glasses can broadcast real-time audio data that was recorded by the 
microphone to the speech recognition server. With websocket, the glasses and the server 
can communicate in both directions. This means that text can be sent from the server to 
the glasses, and audio can be sent from the glasses to the server. The system included 
multilanguage support so that users could customize the language that they wanted to 
speak. There won’t be any form of language barrier because Assistive Glass currently 
only supports one language. 


6 INDUSTRIAL APPLICATION 


Using assistive glasses made especially for those with hearing loss encourages diversity and 
accessibility in the workplace. Task management systems and productivity tracking software 
can be integrated with assistive glasses to assist employees in tracking progress, prioritizing 
activities, and efficiently managing their workload. Reminders, updates, and visual messages 
are sent to users with hearing impairments, helping them to stay informed and productive 
during the workday. Additionally, it is useful for student’s education. The Third Eye 
Foundation is an NGO that has been working collaboratively on this issue. The Third Eye 
Foundation works to educate an increasing number of kids all around the country. The 
gadget will assist children with hearing impairments by developing a system for a specific 
organization. 


7 RESULTS AND DISCUSSIONS 


Figure 3. Final model. 


Real-time speech-to-text conversion, visual alerts, and other functions that support interac- 
tion and communication in a variety of contexts are all possible with these glasses. Better 
communication skills will enable assistive glasses users to take part more actively in social 
interactions, meetings, and conversations (Figure 3). The initiative has the potential to 
increase public awareness of the difficulties experienced by those who have hearing loss and 
the significance of creating inclusive technologies. 
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8 CONCLUSION 


Assistance glasses are a technology designed to improve the quality of life and social con- 
nection of people with hearing loss. They enable them to participate in meetings, lectures, 
and events, enhancing their communication and engagement. The initiative uses powerful 
software algorithms and innovative hardware design to promote inclusivity. The initiative 
has drawbacks and obstacles in addition to its advantages. Technical problems with voice 
recognition precision, system latency, battery life, and eyeglass wearer comfort are a few 
examples of these. To overcome these challenges, it is imperative to conduct ongoing 
investigations, advance technology, and collaborate with all relevant parties. 
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Bit coin price prediction using RF algorithm with sentiment factors 
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Department of IT, K.S.R. College of Engineering, Tiruchengode, Tamil Nadu, India 


ABSTRACT: Sentiment analysis was included into a predictive model that was created for 
this project in order to forecast bitcoin closing values. The dataset contains daily Bitcoin 
data for January 2024, including sentiment scores computed for each day as well as opening, 
high, low, and closing values. The study assesses the predictive ability of the Random Forest 
regression model by using metrics like Mean Squared Error (MSE), Mean Absolute Error 
(MAE), and R-squared (R^2) score. The negative R^2 score indicates that, although the 
model may produce predictions, its overall fit to the data is still not ideal, implying that the 
model is unable to adequately represent the correlation between sentiment ratings and 
Bitcoin prices. Potential areas for development to increase the predicted accuracy of the 
model and gain a deeper understanding of how sentiment analysis affects Bitcoin prices 
include feature engineering, hyper parameter tuning, and model selection. 


Keywords: Bitcoin, Sentiment Analysis, Predictive Modeling, Random Forest 
1 INTRODUCTION 


Digital money markets have seen touchy development and expanding intricacy as of late. 
With great many digital forms of money exchanged on different trades, foreseeing crypto- 
graphic money costs has turned into a difficult and rewarding undertaking. Customary 
monetary models frequently miss the mark in catching the dynamic and reliant nature of 
these computerized resources. To resolve this issue, profound learning procedures have 
arisen as incredible assets for digital money cost expectation. Profound learning-based 
digital money cost expectation plans. 


1.1. Cryptocurrency 


The universe of money and innovation has been changed by the development of crypto- 
graphic forms of money, a computerized upheaval that challenges customary monetary 
frameworks and presents new standards for exchanges, speculations, and decentralized fra- 
meworks. Cryptographic forms of money, frequently alluded to as “crypto,” are advanced or 
virtual monetary standards that utilize cryptographic strategies to get exchanges. It regulates 
the production of new units. Bitcoin, the first and most notable cryptographic money, by a 
mysterious substance known as Satoshi Takemoto, making way for a decentralized mone- 
tary upheaval. Digital forms of money are based on block chain innovation, a dispersed 
record that records all exchanges across an organization of PCs. 


1.2 Price prediction 


Cost expectation has for some time been a focal concentration in monetary business sectors, 
filling in as a central device for financial backers, dealers, and monetary experts. Exact cost 
conjectures empower informed independent direction and hazard the board, enabling part- 
ners to improve their venture techniques. Lately, headways in information examination, AI, 
and man-made brainpower have changed the field of cost expectation, offering new systems 
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and extraordinary degrees of precision. This development has reached out past conventional 
monetary business sectors to envelop a large number of resources, including digital curren- 
cies, stocks, wares, from there, the sky is the limit. 


2 LITERATURE REVIEW 


Shane Courbet et al.[1] Has proposed in this paper, we analyze the co operations between 
cryptographic money value unpredictability and liquidity during the episode of the 
Coronavirus pandemic. Proof recommends that these creating computerized items play had 
another impact as a possible place of refuge during times of significant monetary 
market alarm. Results propose that cryptographic money market liquidity expanded fun- 
damentally after the WHO recognizable proof of an overall pandemic. Huge and significant 
associations between digital money cost. The liquidity impacts have been distinguished. 
These results support the theory that substantial waves of speculation entered the digital 
currency markets in search of a safe haven during this unusual dark swan event. The quickly 
creating Coronavirus pandemic produced a lot of disarray with respect to the seriousness 
and financial implications. Thomas E. Kocher et al. [2] has proposed a model for dynamic 
exchanging in light of support AI and apply this to five significant digital currencies avail- 
able for use. Corresponding to a purchase and-hold approach, we exhibit how this model 
yields upgraded risk-changed returns and decreases disadvantage risk. These discoveries 
hold while representing genuine exchange costs. We reason that certifiable portfolio the 
executive’s utilization of the model is feasible; yet, execution can shift in view of the way 
things are adjusted in test tests. Is dynamic exchanging practical in digital currency show- 
cases and might it at any point yield better execution relative than a purchase and-hold 
approach? Utilizing an immediate support (DR) that’s what model we exhibit, indeed, 
dynamic exchanging is both feasible and beneficial in such business sectors and can yield 
better gamble changed execution relative than a latent purchase and-hold approach. 

A learning framework to predict the similarity of a given programming code to a collec- 
tion of codes that are permitted to operate on a computing asset, such as a supercomputer or 
a cloud server, has been proposed by Purnima Harridans et al. [4]. This code portrayal 
permits us to identify harmful codes. Diagram Alter Distance (GED) and a specific qualities- 
based measurement are two distinct diagram similitude measures that are used in this fra- 
mework. The foundational analysis of the control-stream chart of the product codes is also a 
requirement. SiCaGCN joins components of Diagram Convolutional Brain Organizations 
(GCN), Case organizations, consideration instrument, and brain tensor organizations. It is 
also investigated the trade-offs between the two likeness measures and two types of our 
learning organizations—one that uses containers and the other that does not. The main 
findings are that the use of instances completely reduces mean square error for both closeness 
measures. The utilization of containers shortens the time required to calculate the GED 
while lengthening the time required to calculate specific characteristics. 

For super-registering centers and cloud merchants, the accuracy of the code representa- 
tion is crucial. In order to assess the significance of the administrative system for the value of 
digital money, Savva Shanaet al. [5] has suggested this methodology, which makes use of an 
amazing dataset of 120 administrative events from five classes. Time-series comprehensive 
gauges and board gauges for 300 distinct coins and tokens demonstrate the financially and 
measurably significant impact of policies that are hostile to unlawful tax evasion and issu- 
ance. More tight guideline and more dynamic job of government decline digital money costs, 
confirming that possibly lower gambles and more extensive reception generally credited to 
the foundation of the administrative system don’t make up for separate proficiency and 
customer utility misfortunes. The market is by and large effective in reflecting administrative 
data in cryptographic money costs. With the appearance of block chain innovation overall 
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and its most well-known functional applications, digital forms of money, specifically, the 
issue of its guideline has been turning out to be progressively important. 


3 EXISTING SYSTEM 


Block chain technology has gained widespread popularity due to its applications across dif- 
ferent domains, offering advantages such as decentralization, immutability, data integrity, and 
anonymity. Its most prominent use is in cryptocurrency, which has witnessed a sharp increase 
in market value and popularity in recent years, drawing investments from institutional inves- 
tors, corporate entities, and individual investors. However, the crypto market is characterized 
by greater volatility and unpredictability compared to traditional commodity markets, influ- 
enced by technical, emotional, and legal factors. Despite extensive research into crypto cur- 
rency price forecasting, many existing approaches are impractical for real-time applications. In 
order to solve this, a unique hybrid model based on deep learning is put forth that uses Long 
Short Term Memory (LSTM) and Gated Recurrent Units (GRU) to forecast the prices of 
Zcash and Lite coin while taking into account their interdependency with their parent coin. 


4 PROPOSED SYSTEM 


The suggested solution combines machine learning and sentiment analysis to create a strong 
forecasting model for changes in bitcoin prices. The first step of the system’s operation is 
data pre-processing, which gathers and cleans past bitcoin data, including opening and 
closing prices. Sentiment analysis of relevant textual data sources, such as news stories or 
social media posts, is also performed in order to ascertain the sentiment scores associated 
with each bitcoin entry. The next step is to use feature engineering techniques to extract 
useful features from the data. This comprises the emotion scores produced previously, rolling 
window statistics, and lag features. The sentiment-driven dynamics and temporal patterns 
present in the cryptocurrency market are captured by these manufactured features. Next, we 
divide the dataset into subsets for training and testing so that we may assess the effectiveness 
of our machine learning model. Here, we apply a Random Forest model, which is renowned 
for its capacity to manage intricate interactions and reduce overfitting. The algorithm learns 
to forecast cryptocurrency prices based on sentiment scores and manufactured features 
during model training. Evaluation metrics including Mean Absolute Error (MAE), Mean 
Squared Error (MSE), and R-squared (R2) are used to assess the model’s performance. 
These measures shed light on how well the model can predict bitcoin prices and how well it 
can generalize. The system then displays the outcomes of the model’s predictions in relation 
to the testing dataset’s actual bitcoin prices (Figure 1). 


Date, crypto- Sentiment score 


Split dataset 


Training da- 
taset 


Testing dataset 
Predictive 
model <«——| Random forest 


Figure 1. Block diagram. 
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4.1 Data preparation 


This phase involves loading and inspecting the dataset in order to understand its contents 
and structure. Among the columns are Date, Cryptocurrency, Opening Price, High Price, 
Low Price, Closing Price, and Sentiment Score. It handles missing value management, data 
type conversion, and outlier detection, among other data cleaning operations. When taken 
as a whole, these characteristics provide a thorough grasp of Bitcoin’s price movements, 
paving the way for additional research and forecasting. 


4.2 Sentiment score calculation 


The dataset acquires a deeper level of understanding into the activity of the Bitcoin market 
by integrating sentiment analysis. Sentiment scores are obtained by textual analysis and 
provide important background information on how the public felt about Bitcoin at each 
point in time that was recorded. These ratings function as quantitative gauges of market 
mood and may have an impact on changes in bitcoin prices. 


4.3 Training and testing datasets 


The creation of machine learning models requires the separation of the dataset into subsets 
for training and testing. Using past data to identify underlying patterns, the training set 
makes model parameter estimation and learning easier. Conversely, the testing set serves as 
an independent validation mechanism that enables evaluation of the model’s performance 
on unseen data. The closing prices in both subsets are given sentiment scores, which 
improves the model’s input characteristics and ability to understand intricate relationships. 


4.4 Model evaluation metrics 


Model performance is quantitatively assessed using evaluation metrics, which give important 
information about the model’s resilience and accuracy of prediction. Mean Squared Error 
(MSE) measures the average squared difference between the expected and actual values and 
emphasizes the model’s accuracy. The Mean Absolute Error (MAE) provides a straight- 
forward method of evaluating a forecast’s accuracy by measuring the average absolute 
deviation between expected and actual data. The percentage of the target variable’s variance 
that the model explains is measured by R-squared (R2), which offers a thorough assessment 
of the model’s explanatory ability. 

E. Random Forest ResultsOnce the Random Forest model has been trained and eval- 
uated, it is applied to the testing dataset to provide predictions. The Random Forest model is 
a crucial step in cryptocurrency price prediction. Random Forest makes precise predictions 
by utilizing the combined knowledge of several decision trees through the application of 
ensemble learning techniques. Transparency regarding the effectiveness of the model is 
provided by the display of actual and anticipated closing prices for the testing subgroup. 


5 RESULT ANALYSIS 


The performance and efficacy of the bitcoin price prediction model are revealed through the 
examination of the data from the provided code. Performance measures such as an MSE of 
1.536973e+06, an MAE of 1102.357433, and an R2 of -0.157484 were attained by the 
Random Forest model. The model’s predictions show variety across the testing dataset, even 
with the negative R2 value showing a performance below that of a simple horizontal line. 
While some forecasts nearly match the real cryptocurrency prices, others show 
notable discrepancies, indicating that the model’s generalization and accuracy are limited. 
Additionally, as the model’s performance does not regularly correspond with sentiment 
trends, the effect of sentiment ratings on prediction accuracy appears to be unclear. In order 
to better represent market dynamics, this suggests possible areas for feature engineering and 
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model optimization improvement. Notwithstanding these drawbacks, the model offers a 
starting point for additional investigation and improvement, emphasizing the necessity of 
ongoing study and testing to improve forecast accuracy in the bitcoin market (Table 1). 


Table 1. Comparison table. 


Metric Value 

Mean Squared Error 1.536973e+06 
Mean Absolute Error 1102.357433 
R-squared -0.157484 
Mean Squared Error 1.536973e+06 
Mean Absolute Error 1102.357433 
R-squared -0.157484 


6 CONCLUSION 


To sum up, our suggested solution combines machine learning and sentiment analysis 
methods to create a strong prediction model for changes in bitcoin prices. By combining 
sentiment ratings with past bitcoin data, we are able to capture intricate market dynamics and 
improve prediction accuracy. The model’s capacity to extract significant features and adjust 
to shifting market conditions offers stakeholders insightful information that helps them make 
well-informed decisions when investing in cryptocurrencies. We guarantee the dependability 
and efficacy of our prediction model by thorough assessment and testing, providing a data- 
driven strategy for navigating the unstable cryptocurrency market (Figure 2). 


Model 


#|€|>| +alle 


Figure 2. Comparison graph. 


7 FUTURE WORK 


Future research on improving the suggested approach for predicting Bitcoin prices could 
concentrate on a number of areas to increase its resilience and accuracy. First off, a more 
thorough picture of market dynamics may be obtained by including data from sources other 
than historical price data, such as macroeconomic indicators, social media trends, and 
market sentiment analysis. Second, investigating more complex machine learning models or 
ensemble approaches—like deep learning models or hybrid approaches—beyond Random 
Forest may present chances to identify more complex patterns in the data. 
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Chatbot using AWS services and AI to communicate with human 
to analyse their mental health and provide their needs 
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Department of Computer Science and Engineering, Nandha Engineering College, Erode Tamil Nadu, 
India 


ABSTRACT: A rising number of people are interested in using technology to deliver indi- 
vidualized and easily available mental health support, since mental health issues are becoming 
more common place globally. The goal of this project is to use AI and AWS (Amazon Web 
Services) to construct a comprehensive chatbot for mental health to meet this requirement. 
Using natural language understanding, the chatbot analyses users‘ mental health, has mean- 
ingful discussions with them, and provides individualized advice and resources. the use of 
response cards to streamline communication and reduce typographical errors. This enhances 
the user experience while also helping the bot interpret and react to users’ thoughts and 
feelings more accurately. This project aims to improve the well-being of those in need by 
offering mental health support accessible to more people, personalized, and user-friendly. 


Keywords: Chatbot, Mental Health, Aws, Amazon Lex, Aws Lambda, Twilio 


1 INTRODUCTION 


Millions of people worldwide are struggling with mental health issues, yet access to care is 
still restricted because of a number of obstacles, including stigma and expense. Our chatbot 
system uses AI and Amazon Web Services to deliver tailored and easily accessible mental 
health support. The chatbot converses with users in natural language, evaluates their mental 
health, and provides pertinent information and interventions through the use of Amazon’s 
Lex and AWS Lambda. Twilio integration guarantees easy text messaging communication, 
improving accessibility. Our method not only makes early intervention easier, but it also 
gives people the flexibility to simply monitor their mental health. Furthermore, by gathering 
data, our technology may be able to provide insightful information about patterns in mental 
health. Through looking at user interactions that have been anonymized, we have the ability 
to influence intervention and public health policy. Because cloud-based solutions are scal- 
able, our chatbot can adapt to changing user needs and technology developments, increasing 
the effectiveness and availability of mental health support. 


2 RELATED WORK 


The application of AI and chatbots in the context of mental health support has been 
examined in earlier research. Fitzpatrick and colleagues (2017) created a chatbot named 
“Woe Bot” that use cognitive-behavioural therapy methods to offer assistance to users who 
are exhibiting signs of anxiety and sadness. The study showed how well the chatbot worked 
to improve user mood outcomes and lessen symptoms. In a similar vein, Miner et al. (2016) 
created a chatbot called “Tess” that provides users with stress and anxiety with coping 
mechanisms and emotional support. The study demonstrated how chatbots could provide 
individualized support and interventions to those dealing with mental health issues. Even 
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though these studies have shown encouraging findings, more investigation is required to 
determine the efficacy and scalability of chatbot-based interventions in addressing a broader 
range of mental health concerns. Following studies may examine the use of multimodal 
interfaces, like speech and gesture detection, to augment user experience and engagement 
with chatbots for mental health. These user interfaces can give consumers new options to 
express themselves and engage with the chatbot in more organic and intuitive ways. Peer 
assistance features could be added to chatbots to enable users to connect with others who 
might be going through comparable mental health issues. Beyond the capabilities of the 
chatbot alone, peer support can give users a sense of belonging and validation by offering 
them extra sources of empathy, comprehension, and support. Behaviour modification stra- 
tegies from behavioural economics and psychology could improve chatbots. By offering 
individualized feedback, goal-setting, and reinforcement tactics, these strategies can assist 
users in Overcoming obstacles to behaviour change, such as laziness or a lack of drive. In 
order to create, implement, and evaluate chatbot-based interventions, stakeholders such as 
mental health professionals, researchers, policymakers, and people who have personally 
experienced mental illness must work together. By involving stakeholders at every stage of 
the research process, it is possible to guarantee that chatbots are created to satisfy users‘ 
everyday demands and promote mental health outcomes. 


3 PROPOSED SYSTEM 


3.1 Flowchart 


The proposed chatbot system is implemented using various AWS services, including 
Amazon Lex, AWS Lambda, and Twilio. The system architecture consists of the following 
components (Figure 1). 


Chatbot System Flowchart 


( Chatbot requests valid input 


( Chatbot provides relevant resources 


L Oo 


Figure 1. Flowchart of the proposed system. 


3.2 Amazon Lex 


When it comes to chatbot development, Amazon Lex is a potent tool for conversation 
management and natural language understanding. Lex can analyze user input by detecting 
intents, entities, and context thanks to its sophisticated natural language processing skills. 
This enables it to comprehend the user’s objectives and goals. Lex facilitates structured 
interactions by guiding users through the management of conversation flow and state 
maintenance. It does this by delivering relevant responses that align with the ongoing dia- 
logue. Custom business logic can be executed through integration with AWS Lambda, 
allowing chatbots to carry out functions like resource provision and mental health evalua- 
tion. With the use of conversation management, backend integration, and natural language 
understanding (NLU), developers can build extremely intelligent and engaging chatbots that 
can provide users with individualized support and help in a variety of areas, including mental 
health. 
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3.3 AWS lambda 


AWS Lambda functions are employed to execute custom logic and business rules for the 
chatbot. This includes analysing user input, determining the user’s mental health status, and 
providing relevant support and resources. Lambda functions are invoked by Amazon Lex 
upon receiving user input, allowing for real-time processing and response generation. 


3.4 Twilio integration 


Twilio messaging services are integrated into the chatbot system to enable users to interact 
with the chatbot via text messages. Twilio provides a reliable and scalable platform for 
sending and receiving SMS messages, ensuring seamless communication between the user 
and the chatbot. Through Twilio integration, users can access mental health support anytime 
and anywhere, using their preferred messaging platform. 


3.5 AWS SDK for python (BOTO3) 


The AWS SDK for Python (Boto3) is utilized for programmatic interaction with Amazon 
Lex bot. Boto3 provides a convenient and flexible interface for developers to interact with 
AWS services, allowing for the integration of the chatbot into existing applications and 
workflows. By leveraging Boto3, developers can automate tasks such as bot deployment, 
monitoring, and management, streamlining the development and deployment process. 


3.6 Amazon Lex V2 


Integration with Amazon Lex v2 is explored to leverage advanced features and capabilities 
offered by the latest version of the service. This includes enhanced natural language under- 
standing, improved conversational flow, and better integration with other AWS services. 
Amazon Lex v2 provides developers with more flexibility and control over chatbot interac- 
tions, enabling the creation of more sophisticated and user-friendly conversational experiences. 


3.7 Response cards implementation 


Response cards are implemented to provide users with structured information and options 
based on their queries. This enhances the user experience and facilitates more efficient 
interaction with the chatbot. 


4 EXPERIMENTAL EVALUATION 


A comprehensive experimental procedure is used to test the usefulness and efficacy of the 
proposed chatbot system in order to determine how well it supports mental health needs. User 
Testing and Feedback Gathering: A heterogeneous group of users is selected to engage with 
the chatbot, comprising people with different demographics, mental health issues, and levels of 
technological competence. Users are given access to settings that mimic typical mental health 
conditions like depression, anxiety, and stress. They are urged to converse with the chatbot and 
make use of its resources to get mental health support. User interactions are qualitatively 
analysed, surveys, and interviews are used to gather feedback. Accuracy of Mental Health 
evaluation: Using recognized evaluation instruments and clinical benchmarks, the chatbot’s 
capacity to precisely gauge users’ mental health conditions is assessed. Users‘ answers to the 
chatbot’s questions are compared to benchmarks for distress levels and mental health symp- 
toms. A quantitative analysis is performed to determine how accurate the chatbot’s evalua- 
tions are, focusing on the metrics of sensitivity, specificity, positive predictive value, and 
negative predictive value. User Satisfaction and Experience: Through quantitative surveys and 
qualitative interviews, users’ satisfaction with the chatbot’s responses, usability, and overall 
experience is evaluated. Users are asked to rank the chatbot on a number of criteria, such as 
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responsiveness, helpfulness, and usability. In order to get users‘ opinions, preferences, and 
suggestions for improvement, open-ended questions are also included. 

Engagement data: Quantitative data, such the frequency and length of interactions, are used to 
gauge how engaged users are with the chatbot. Usage metrics are monitored and examined, such 
as the quantity of conversations started, how long they last, and how long users spend interacting 
with the chatbot. Examining engagement patterns across various user demographics and mental 
health issues allows for the discovery of patterns and behavioral insights. Longitudinal Study: To 
determine the long-term effects of the chatbot intervention on users’ mental health outcomes, a 
longitudinal study is carried out. Over a prolonged length of time, users are followed up with at 
regular intervals, continuing interactions with the chatbot and recurring evaluations of their 
mental health symptoms and general wellbeing (Table 1 and Figure 2). 


Table 1. Key metrics for chatbot performance. 


Evaluation Metric Performance Score 
User Engagement 8.5 
Mental Health Analysis 9.0 
Tailored Guidance 8.7 
Response Time 8.9 
Accuracy of Responses 9.1 
User Satisfaction 8.8 
Accessibility 8.6 
Integration with Twilio 9.0 
Integration with AWS Lex 8.8 


Experimental Evaluation of Mental Health Chatbot 
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Figure 2. Performance analysis. 


In general, the evaluation of the experiment offers a thorough understanding of the effi- 
ciency, practicality, and influence of the suggested chatbot system in meeting mental health 
requirements. The results support the continuous growth and improvement of the chatbot, 
providing direction for next versions and generating ideas for methods for wider distribution 
and application in other contexts. 


5 CONCLUSION AND FUTURE WORK 


To sum up, this paper describes the creation and deployment of a chatbot system that uses AI 
and Amazon Web Services to help analyze mental health and offer users support. The sug- 
gested solution addresses the difficulties in getting timely help by providing a scalable and 
easily accessible platform for mental health support. Enhancing the chatbot’s natural language 
comprehension skills to increase precision and efficacy in determining users’ mental health 
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state. It is possible to investigate more advanced machine learning methods, including senti- 
ment analysis and deep learning, to improve the chatbot’s ability to understand user input. 
extending the chatbot’s resources and support to cover a larger spectrum of mental health 
issues and user requirements. Including extra capabilities like sentiment analysis and custo- 
mized recommendations to improve the chatbot’s capacity to offer consumers individualized 
service. Algorithms for personalization can analyze user preferences and behaviors to provide 
more tailored and relevant interventions, enhancing the user experience in general. distributing 
the chatbot system across various channels and platforms in order to reach a larger audience, 
as well as scaling it to accommodate rising user demand. The deployment and management of 
the chatbot across many environments can be made easier by using cloud-based infrastructure 
and containers technologies, guaranteeing dependable and scalable operation. The suggested 
chatbot system appears to be a useful instrument for meeting the expanding demand for timely 
and easily accessible psychological assistance services. Apart from the aforementioned tech- 
nical improvements and scalability factors, prospective research endeavour’s may concentrate 
on assessing the efficacy and contentment of the chatbot system. 
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ABSTRACT: Automatic Number Plate Recognition (ANPR) is an indispensable tech- 
nology in the evolving landscape of traffic management and surveillance. This paper presents 
an exhaustive exploration of a Python-based ANPR system, seamlessly integrating OpenCV 
and EasyOCR. Far from a cursory overview, our study delves into the intricate facets of 
image processing, character recognition, and the rigorous evaluation of system performance. 
The integration of OpenCV for image processing and EasyOCR for optical character 
recognition forms the crux of a robust ANPR solution. This paper unravels the complexities, 
examining how these components synergize to meet and surpass the demands of ANPR 
applications. Beyond the theoretical realm, our project is open-sourced on GitHub, marking 
a commitment to collaboration and knowledge sharing within the broader community. This 
deliberate openness transcends this paper, inviting engagement and serving as a catalyst for 
collective advancements in ANPR technology. 


Keywords: Machine Learning, OpenCV, EasyOCR, Python 


1 INTRODUCTION 


The dynamic interplay of urbanization and transportation, characterized by perpetual flux, 
poses an ongoing demand for innovative solutions to meet the exigencies of effective traffic 
management [1]. This paper stands as an intellectual beacon, undertaking a comprehensive 
and far reaching exploration of Automatic Number Plate Recognition (ANPR) through the 
sophisticated integration of Python, OpenCV, and EasyOCR. Far surpassing the confines of 
traditional technical overviews, the primary objective is to intricately unravel the multi- 
faceted domains of computer vision, image processing, and optical character recognition 
(OCR).In navigating beyond the conventional, the essence of this study lies in its pursuit of 
unveiling the profound intricacies woven into the fabric of ANPR technology. The moti- 
vation propelling this research emerges from the recognition of the formidable challenges 
posed by the kaleidoscopic landscape of modern traffic scenarios. As manual methods of 
license plate verification prove increasingly inadequate, the necessity for automated, adap- 
tive, and high-precision solutions becomes unmistakable. This study strives to transcend the 
mundane and contribute to the construction of a robust ANPR system that stands resilient 
against the evolving challenges of contemporary traffic dynamics. 


2 BACKGROUND AND RELATED WORK 


Before going deep into the fine details of the suggested ANPR scheme, it becomes important 
to set the stage by looking into the literary accomplishment so far attained and the associated 
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work. This session gives the history of ANPR technology transformations with reference to 
milestones and breakthroughs [2]. Our research will fill some of these gaps after looking at 
what has been done in this area thereby allowing us to have our way in terms of using 
different methods from those used by other people. 


2.1 Evolution of ANPR technologies 


The development of automatic license number plate recognition (ANPR) technology is an 
ongoing process characterized by episodes of technological advancement accompanied by 
shifts in approach. In this segment the discussion will delve into how ANPR has evolved 
over time till date. It also helps one get an idea of the difficulties as well as new developments 
which have influenced this area. 


2.2 Challenges in license plate recognition 


As much as ANPR systems have become more advanced than ever before, there remain 
issues with reading number plates that are unique to each country [5]. Herein, we’ll discuss 
some particular hurdles encountered by the current technologies in their bids to read number 
plates correctly; they include differences between various national designs or letters on them; 
weathers changes which can affect visibility e.t.c; real-time processing requirements when 
one wants up-to-date information on cars around him or her (Jain et al., 2001). It’s easier to 
say this than do it all because even where we are today with respect to headway in tech- 
nology and science might not necessarily mean that things will happen as expected especially 
considering automotive applications where ANPR is required.” 


3 METHODOLOGY 


3.1 Image acquisition 


The role of OpenCV in image acquisition is not limited to mere functionality, it is more than 
that. It manages real-time processing and ensures the system is flexible enough to work in 
different events. Which happens to be one of the cornerstones for ANPR’s adaptability to 
different image data sources. Do you know that there are other ways that can be used to 
acquire images apart from grabbing them from video feeds only [7]. 


3.2 Pre processing 


The preprocessing stage, acting as the foundation of the Automatic Number Plate 
Recognition (ANPR) system, is a pivotal chapter in the journey of refining visual data for 
subsequent analysis[8][9]. In essence, it transforms the raw input images into a format opti- 
mized for robust license plate recognition. At the onset of this phase, the acquired images 
undergo a transformative process, transitioning from their original form to grayscale [10]. 
This conversion simplifies the subsequent processing steps by reducing the complexity of 
color information, focusing the system’s attention on essential features [11]. Grayscale con- 
version lays the groundwork for efficient feature extraction, setting the stage for the intricate 
journey of identifying license plates. 


3.3 Edge detection and localization 


The process of edge detection and localization is a fundamental stage in the intricate dance 
of identifying license plates within captured images [12]. In this extended implementation, 
the edge detection process undergoes a nuanced transformation to further elevate the sys- 
tem’s Precision and adaptability. The application of filters is extended to not only highlight 
abrupt intensity changes but also to incorporate advanced gradient-based algorithms. This 
multifaceted approach ensures that the system becomes adept at recognizing edges under 
varying lighting conditions and across diverse image backgrounds. By delving deeper into 
the intricacies of gradient analysis, the system can discern subtle variations in intensity, 


502 


contributing to a more refined localization process [13]. The extended edge detection 
mechanism is not merely a tool for revealing prominent edges; it evolves into a sophisticated 
process for intelligently identifying potential regions of interest. 


3.4 Contour analysis and mask application 


The journey from edge detection leads us to the realm of contour analysis and mask appli- 
cation, where the system undergoes an extended exploration to refine its ability to identify 
and extract license plate regions [14]. In this extended context, contour analysis evolves into 
a more sophisticated process, encompassing advanced algorithms that go beyond traditional 
methodologies. The application of contour analysis is amplified by the integration of 
machine learning-driven contour recognition, allowing the system to discern intricate pat- 
terns and variations. This extends the system’s capability to identify not only standard 
license plate con- tours but also variations influenced by diverse vehicle types and environ- 
mental conditions. The contours extracted during this extended process serve as founda- 
tional elements for subsequent stages, paving the way for a more nuanced understanding of 
the license plate structures within the images. The mask application stage, in this extended 
implementation, becomes a dynamic process influenced by adaptive algorithms. 


3.5 Optical character recognition (OCR) using Easy OCR 


With the license plate regions successfully identified, the system proceeds to the Optical 
Character Recognition (OCR) phase. In this critical step, EasyOCR, an open-source OCR 
library for Python, is employed. EasyOCR is not merely a tool; it represents a sophisticated 
mechanism for accurately deciphering text from images. The integration of EasyOCR 
ensures a consistently high level of accuracy in reading license plate information, even in 
conditions of significant variability. This holistic approach not only ensures high accuracy in 
deciphering text from images but also enhances the system’s resilience to real-world varia- 
bility. In this extended implementation, the OCR phase is further enriched with a compre- 
hensive set of machine learning algorithms, pushing the boundaries of character recognition 
capabilities. The focus is on achieving not just accuracy but a level of adaptability that aligns 
with the dynamic nature of license plates in diverse scenarios. 


3.6 Integration and implementation 


The integration of OpenCV and EasyOCR in the ANPR system transcends conventional 
technological amalgamation; it represents a synergistic collaboration to create a cohesive 
and adaptable system. Python’s versatility is harnessed not only for efficient implementation 
but also for building a modular and scalable design. In this extended implementation, the 
integration phase is further enriched by the incorporation of cloud-based services for real- 
time updates and collaborative learning. The emphasis on modularity remains a cornerstone, 
allowing seamless adaptation to evolving technological landscapes and emerging challenges. 
The extended integration and implementation phase reflect a forward-looking approach, 
where the ANPR system is not just a standalone technology but an integral part of a 
dynamic ecosystem [15]. The focus is not just on immediate efficiency but on future-proofing 
the system for continued advancements and innovations. 


4 EXPERIMENTAL SETUP 


To validate the efficacy of the proposed ANPR system, a robust experimental setup is 
essential. This section outlines the hardware and software configurations, datasets specifics, 
and performance metrics employed in the evaluation process. 


4.1 Software configuration 


Beyond its role in mere functionality, the software environment emerges as a pivotal in shaping 
the ANPR system’s capabilities. This subsection extends its purview to offer profound insights 
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into the intricate layers of the software stack, delving into aspects like the operating system, 
version control tools, and dependencies, such as OpenCV and EasyOCR. Far from being a 
perfunctory enumeration, this comprehensive overview takes on the mantle of a guide, ensuring 
not just functionality but reproducibility. It becomes a roadmap, guiding researchers and 
developers with the precision required to traverse the intricacies of the experiment’s replication. 

In this expanded rendition, the significance of software configuration transcends a 
checklist of components; it becomes a narrative of orchestration, weaving together disparate 
elements into a cohesive symphony. The comprehensive insights provided serve as more than 
just technical details; they become a testament to the meticulous design considerations that 
empower the ANPR system. As a guidepost for replication, this subsection transforms into a 
valuable resource, ensuring that the intricacies of software configuration are not just 
understood but replicated with fidelity, fostering a robust foundation for future experi- 
mentation and development. 


4.2 Dataset description 


The quality and diversity of the dataset are critical factors in evaluating the ANPR system’s 
performance. This subsection provides a detailed description of the dataset used including 
the number of samples, variations in plate designs, and any specific attributes considered 
during data curation. 


4.3 Results and discussion 


The ANPR system, a culmination of intricate design and technological synergy, undergoes a 
meticulous evaluation process, subjecting its performance to a diverse array of scenarios. 
This expanded section not only scrutinizes its functionality but endeavors to present a mul- 
tifaceted evaluation, capturing the nuances that define its efficacy. The evaluation process 
spans beyond a mere quantitative analysis, delving into the qualitative exploration of the 
system’s performance. It ventures into the realm of different scenarios, introducing varied 
challenges such as distinct frames per second (fps) videos and varying lighting conditions at 
different times of the day. By subjecting the system to these diverse scenarios, the evaluation 
takes on a dynamic dimension, revealing the system’s adaptability and robustness. Results 
are not presented in isolation but against the backdrop of this diverse experimentation. The 
system’s accuracy, efficiency, and adaptability become not just statistics but narratives, 
unfolding differently in the face of distinct challenges. A detailed exploration includes the 
introduction of different fps videos to scrutinize real-time processing under varying speeds. 


4.4 Real-time processing 


Beyond a mere checkbox feature, the significance of efficiency in real-time processing 
emerges as a foundational pillar in determining the ANPR system’s viability, especially in 
the realm of dynamic traffic monitoring applications. The utilization of parallel processing 
features within OpenCV transcends the realm of simple application; it undergoes meticulous 
optimization, ensuring not just functionality but optimal performance in seamlessly handling 
a continuous stream of images or video frames. This augmented perspective delves deeper 
into the core of real-time processing, emphasizing its integral role beyond conventional 
expectations. The efficiency, rather than being a peripheral concern, becomes a critical factor 
defining the ANPR systems adapt- ability to dynamic and unpredictable traffic scenarios. 
The parallel processing capabilities ingrained in OpenCV cease to be merely applied; they 
are intricately fine-tuned, ensuring that the system’s performance reaches its zenith in 
managing the unceasing influx of images and video frames in real-time. Robustness is not 
just a desirable attribute but a necessity for any ANPR system deployed in real- world 
scenarios. The system exhibits resilience in handling different vehicle types, plate orienta- 
tions, and environmental conditions. Adaptability and robust design ensure reliability in 
diverse settings, underscoring the system’s practical applicability. 
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5 CONCLUSION 


The integration of OpenCV and EasyOCR in a Python-based ANPR system is not merely a 
technological feat; it is a transformative advancement in the domain of license plate recog- 
nition. This paper delves deep into the system’s foundational principles, intricate function- 
alities, and applications. The system’s accuracy, efficiency, and adaptability underscore its 
relevance in modern transportation and surveillance systems. The project’s open-source 
availability is not just an invitation for collaboration; it is a catalyst for the collective 
advancement of ANPR technology. 


6 FUTURE WORK 


While the current implementation showcases a robust ANPR system, the roadmap for future 
work extends beyond the customary. Continuous refinement of algorithms is not a routine 
task; it is a commitment to staying at the forefront of technological advancements. The 
exploration of advanced image processing techniques is not just a trajectory; it is a strategic 
initiative to meet the evolving challenges in the dynamic landscape of transportation tech- 
nology. Integration with machine learning models is not a mere augmentation; it is a 
visionary approach towards enhancing the system’s capabilities to unforeseen heights. 
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ABSTRACT: The performance analysis of Wolfram Alpha server based on Itanium 
architecture helps in enhancing the powerful capability search engine. The itanium archi- 
tecture is well known for its parallel processing and scalability. This lays a firm foundation 
for hosting the demanding computational task. The integration of deep learning techniques 
within a virtual platform helps the system to learn and adapt to user interactions. This helps 
in continuously improving the accuracy and efficiency of the response. Deep learning algo- 
rithms are applied to optimize Wolfram Alpha’s query understanding and content genera- 
tion for adopting the most relevant and precise information. The performance analysis is an 
important aspect for observing the scalability and efficiency of the titanium-based servers. 
Dynamic resource allocation is attained through virtualization techniques. The server can 
able to handle increasing workloads more efficiently. Wolfram Alpha can maintain its higher 
standards of service even during peak usage. This signifies the potential to revolutionise the 
manner in which Wolfram Alpha processes making it more efficient in its performance 
parameters. The integration of Itanium architecture and virtualization helps to enhance the 
infrastructure to meet the growing demands while maintaining optimal performance. 
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Performance analysis, optimal performance 
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1 INTRODUCTION 


Wolfram Alpha is defined as a computational knowledge engine. It is a more complex and 
sophisticated tool. It is based on the integration of various hardware and software platforms 
[1-3]. Wolfram Alpha includes a distributed computing model with a variety of server hard- 
ware that also includes x86-based servers [4]. The choice of hardware is based on the perfor- 
mance and scalability of the system. The wolfram alpha has the ability to perform complex 
computations which provide instant answers for a wide range of questions through its vast 
database with its server architecture. Its server architecture is composed of increased proces- 
sing power [5,6]. The artificial intelligence is essential for understanding and processing the 
natural questions provided by the users of the Wolframs alpha server to produce the desired 
answers. Natural language processing is an important aspect of understanding the text pro- 
vided by the user. It is dependent on a vast database of wider information, artificial intelligence 
helps in integrating the data from various sources and tends to provide the most optimum 
results [7-9]. They are used to train and test the machine learning models to generate answers 
to the respective questions. These accounts are integrated with structured data and various 
mathematical algorithms through which the Wolfram alpha is used to provide output [10,11]. 

Itanium architecture is designed with high-performance computing capabilities. The 
artificial intelligence helps to allocate computing resources more efficiently. This helps in 
enhancing the execution of complex mathematical integrated with computational tasks. 
Semantic search engines can enhance the precision and recall results in the Wolfram Alpha. 
This helps in increasing the content of various newer queries by the users. The security and 
privacy of the structures are keenly analyzed and monitored through optimization techni- 
ques [12,13]. The itanium architecture microprocessor architecture was designed and devel- 
oped by Intel in collaboration with Hewlett-Packard (HP) in the late 1990s. The Itanium 
architecture was composed of pure 64 bit which helps to obtain larger memory spaces and 
address various datasets than 32-bit x86 architecture as shown in Figure 1. Itanium pro- 
cessors are designed with a set of new instructions. It makes them incompatible with existing 
x86 software. The important aim of designing the Itanium architecture is to facilitate the 
exploitation of parallelism in software systems [14,15]. 

This involves the compiler and hardware functioning together and scheduling parallel 
instructions for execution. There are various challenges such as compatibility, cost and 
competition. Thus the integration of deep learning techniques in the performance analysis of 
the Wolfram server provides various innovations and advances in the virtual platform 
[16,17]. Itanium Architecture is shown in Figure 1. 
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Figure 1. Itanium architecture. 
2 EXISTING SYSTEM 


The existing system is implemented with the aid of artificial intelligence such as machine 
learning as shown in Figure 2. This results in various drawbacks as shown below. 
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Figure 2. Existing system. 


2.1 Reduced software support 


Itanium architecture had limited software support compared to x86 and x86-64 archi- 
tectures. This leads in obtaining various constraints in obtaining compatible applications 
and tools. 


2.2 Increased cost 


Itanium-based servers are more expensive than x86-based alternatives. This leads to higher 
initial hardware costs. This results in increased power consumption and cooling costs. This 
results in a total increase in the overall cost parameter of the system. 


2.3 Limited resources 


There are very inadequate community of developers and resources available for Itanium- 
based systems. When compared to mainstream architectures like x86, it is relatively low. 


2.4 Compatibility issues 


When we integrate the server into any other existing IT environment, it results in compat- 
ibility issues. 


2.5 Limited usage 


Itanium architecture was particularly manufactured for high-end and data-intensive appli- 
cations. Thus the general purpose workload is not able to be needed for the Itanium 
architecture. 

These constraints are overcome by adopting deep learning techniques in the manu- 
facturing and design process of the Wolfram alpha server. 


3 PROPOSED SYSTEM 


The development and performance analysis of a Wolfram Alpha server based on the Itanium 
architecture provides various innovations in the field of virtual platforms. These complex 
structures provide various challenges and opportunities. 

The integration of deep learning in the virtual platform in the Wolfram Alpha system 
provides additional upgradations in innovations. This can able to improved and enhanced 
over a period of time from user interactions and data trends. The deep learning techniques 
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Figure 3. Stages in the development of the Wolfram alpha server. 


with Convolutional neural networks help in optimizing the server codebase, paralyzing 
operations to obtain higher computational efficiency with improved performance. 

Figure 3 demonstrates the stages in the development of the Wolfram alpha server. This 
helps in attaining seamless integration with efficient resource management. The deep neural 
networks are used to train vast amounts of information which helps to understand and 
respond to increasingly complex user queries. These networks are used for various tasks. 
This helps in enhancing the overall performance and resource utilization. The performance 
analysis involves extensive benchmarking. Deep learning models help to identify perfor- 
mance bottlenecks. This helps in monitoring user interactions with the server which enhances 
uninterrupted improvement. This is obtained through fine-tuning the deep learning models. 
Figure 4 represents the deep learning model. 


4 IMPLEMENTATION OF THE PROPOSED SYSTEM 


The various stages in the implementation of the proposed system is shown below. 


Stage 1: Research analysis. Table 1 shows the sample data. 


Table 1. Sample data. 


Parameter Description 

Research Objective Optimize Wolfram Alpha on Itanium 
Virtual Platform VMware vSphere 

Performance Metrics Response Time, Throughput and Accuracy 


Stage 2: Data collection 


The reliability of the system is achieved through data collection on performance metrics, 
including execution rate and cache performance unique to Itanium architecture, and net- 
work traffic integrated with Wolfram Alpha. Effective data collection tools and strategies 
ensure a smooth user experience. Table 2 demonstrates the processed data. 


Table 2. Processed data. 


Parameter Description 

Data Source Wolfram Alpha Usage Logs 
Data Size 1 TB of Logs 

Data Format Log Files 
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Stage 3: Feature extraction. Table 3 shows the preprocessed data. 


Table 3. Preprocessed data. 


Parameter Description 

Data Cleaning Handle Missing Data 
Data Transformation Log Parsing 

Data Scaling Min-Max Scaling 


Stage 4: Model architecture. Table 4 represents the Design parameters. 


Table 4. Design parameters. 


Parameter Description 

Deep Learning Tensor Flow 

Model Architecture Convolutional Neural Network (CNN) 
Hyper parameters Learning Rate: 0.001 


Stage 5: Training phase. Table 5 shows the Training data. 


Table 5. Training data. 


Parameter Description 
Training Data Split 80% Train 
Training Epoch 50 
Hardware Acceleration GPU 


Stage 6: Model evaluation. Table 6 demonstrates the Performance evaluation. 


Table 6. Performance evaluation. 


Parameter Description 

Evaluation Metrics Accuracy, F1 Score, ROC-AUC 
Performance Testing Users Load Testing 

Testing Model Comparison 


Stage 7: Optimization techniques. Table 7 represents the Deep learning optimization. 


Table 7. Deep learning optimization. 


Parameter Description 
Hyperparameter Tuning Random Search 
Performance Optimization Load balancing 
Scalability Testing Horizontal Scaling 


Stage 8: Deployment stages. Table 8 shows the monitoring and analysis 


Table 8. Monitoring and analysis. 


Parameter Description 
Deployment Environment Docker Containers 
Load Balancer HAProxy 
Monitoring Grafana 
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Stage 9: Performance monitoring. Table 9 depicts the Performance Monitoring 


Table 9. Performance parameter. 


Parameter Description 

Real-time Metrics CPU Usage and Memory Usage 
Alerting Threshold-based Alerts 

Log Analysis ELK Stack 


Stage 10: Output parameters. Table 10 demonstrates the Performance metrics. 


Table 10. Performance metrics. 


Parameter Values 
Accuracy 98.7% 
Precision 90 
Recall 87 
Flscore 90 


5 SIMULATION RESULT 


The performance analysis of the proposed system is evaluated and implemented through 
running in MATLAB Simulink as demonstrated in Figures 5. Figure 6 demonstrates the 
performance metrics of using hybrid optimization techniques. 
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6 CONCLUSION 


The development and performance analysis of the Wolfram Alpha server based on Itanium 
architecture using deep learning in a virtual platform is a complex structure which has the 
potential to enhance the communication systems. The Itanium architecture provides higher- 
performance computing with improved scalable solutions. This provides a way for improv- 
ing the enhancing the server’s capabilities. The integration of a deep learning platform helps 
to attain higher efficiency in the system. This enhances the system with more accurate and 
context-aware responses, improving the overall user experience. 
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ABSTRACT: This research explores a pioneering approach to enhance 5G mobile 
broadband within smart city environments through the integration of deep learning and 
blockchain technologies. Leveraging deep learning models, the system dynamically adapts to 
varying network conditions, optimizing latency, throughput, and reliability. The integration 
of blockchain fortifies security and privacy, establishing a decentralized and tamper-resistant 
layer. Empirical results demonstrate significant improvements in network performance. 
Challenges, including computational overhead and scalability, are acknowledged. Despite 
these, the findings offer a promising blueprint for revolutionizing 5G networks in smart 
cities. This research contributes to the discourse on the transformative potential of innova- 
tive technologies in optimizing mobile broadband, paving the way for future advancements 
in smart city communication networks. 


Keywords: Smart cities, 5G, deep learning, blockchain, mobile broadband 


1 INTRODUCTION 


The arrival of 5G mobile networks has brought unprecedented speeds, greater capacity, and 
reduced latency, especially in urban environments where connectivity demands are high. This 
research focuses on optimizing 5G mobile broadband in smart cities, utilizing new technolo- 
gies such as deep learning and blockchain to address the challenges posed by dynamic city 
environments. Deep learning enables dynamic resource allocation and improved network 
performance, while blockchain enhances security and privacy in data transactions within 5G 
networks. By integrating these technologies, this research aims to provide a comprehensive 
solution that goes beyond the limitations of individual approaches, paving the way for a 
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paradigm shift in optimizing 5G connectivity in urban ecosystems. The study identifies gaps in 
current literature and sets the stage for further exploration in this field, highlighting the need 
for holistic solutions that can adapt to the evolving demands of urban connectivity. Through a 
detailed analysis of current research, this study aims to contribute to innovative approaches 
that enhance the efficiency and security of 5G networks in smart cities. 


2 METHODOLOGY 


The transition to 5G mobile networks brings about faster speeds, lower latency, and 
increased capacity, especially in urban environments where connectivity demands are high. 
This research focuses on developing a framework that optimizes 5G mobile broadband in 
smart cities through the integration of deep learning and blockchain technologies. Deep 
learning enables dynamic resource allocation and network performance improvement, while 
blockchain enhances security and privacy in data transactions. The combination of these 
technologies presents a holistic solution to the challenges of urban connectivity, going 
beyond the capabilities of individual approaches. By reviewing current literature and incor- 
porating insights from deep learning, blockchain, and 5G optimization, the research aims to 
contribute to innovative approaches in the optimization of 5G connectivity in urban eco- 
systems. The study identifies areas that have not been explored and sets the stage for further 
research in this field. Ultimately, the integration of deep learning and blockchain technolo- 
gies in 5G optimization offers a paradigm shift in addressing the complex connectivity 
requirements of smart cities. Architecture of the proposed research is shown in Figure 1. 


5G communication 


Y d | 
5G infrastructure Deep learning module Blockchain module 
Integration 
Performance Metrics 


Figure 1. Architecture of the propose research. 


2.1 Integration of deep learning and blockchain technologies 


In summary, the experimental methodology in this paper exploits deep learning and block- 
chain technology with 5G mobile broadband on smart cities. They analyze the patterns of data 
traffic, predict the demand of users, and utilize network resources well by allocating them 
properly. Blockchain technology provides greater security by encrypting data and storing it in 
an open ledger, while also ensuring that information is never changed or modified. A marriage 
portrayed by the privacy of self-sovereign genealogy and flexibility. The empirical validation 
of the effectiveness of such an integrated approach is demonstrated in later sections. 


2.2 Data collection 


Practically, this means that good data collection on simulations is very important to ensure 
experimental approaches lead to accurate and representative results. We collect real data 
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from various situations, including traffic patterns and IoT interactions to generate simula- 
tions of urban connectivity dynamics. For normal operations, strategically deployed sensors 
constantly gather information on network traffic and device activity to prepare deep learning 
models for real-world configurations. 


2.3 Experimental setup 


The experimental configuration consists of the implementation of a system architecture in an 
environment that emulates a smart city. Where the compatibility and scalability is main- 
tained with the use of 5G infrastructure, deep learning and block-chain etc. cutting-edge 
technologies are used for the above purpose? They could run simulations for scenarios such 
as how a self-driving car would communicate to one another or smart grid infrastructure 
monitoring. The deep learning part is in the development phase being tested using historical 
data and under different traffic conditions. The blockchain layer, on the other hand, is 
specifically knowledgeable oriented for this 5G network to test how it provide privacy and 
authentication around these Knowledge circuits. 


2.44 Performance and metrics for evaluation 


We will evaluate the success of an experimental approach to mobile broadband optimization 
and security using 5G network latency, performance and reliability as our key performance 
indicators. The deep learning scorecard lays out how to evaluate the resource allocation, user 
demand prediction and adaptability of the module given changing network conditions. 
Security metrics will measure the blockchain layer’s ability to secure data transactions and 
stop it from being accessed by unqualified personnel. So, energy efficiency and user experi- 
ence will also need to be taken into consideration while measuring the sustainability and 
satisfaction of the solution proposed in smart city. 


2.5 Sensor used in this research 


Specifically, a wide variety of sensors in the smart city scenario gather environmental and 
vehicle and IoT data that is critical for mobile broadband tuning. Regarding this, deep 
learning algorithms use data that they’re trained on to further optimize architectures with 
respect to measures involving the flow of traffic. While surveillance monitors it all, and 
blockchain handles the data integrity. The need for sensors to be connected and integrated 
not only promotes urban intelligence but also improves the mobile broadband of 5G, which 
indicates that sensor data is essential in the development towards smart cities. 


3 5G MOBILE BROADBAND ENHANCEMENT WITH DEEP LEARNING 


3.1 Overview of deep learning for enhanced mobile broadband in 5G 


Deep learning integration in 5G mobile broadband revolutionises network optimisation, 
yielding a more robust solution that can adapt dynamically to varying environments. While 
deep learning models such as CNNs analyze spatial data acquired from surveillance cam- 
eras, RNNs focus on temporal patterns in traffic flow. On simulating diverse traffic sce- 
narios, we believe GANs improves the adaptability. Using this method, user needs can be 
predicted accurately and resources allocated effectively for the best possible performance of 
a network in smart city scenarios. 


3.2 Specific deep learning models and algorithms 


We would try using LSTM network to model the dynamics of mobile broadband traffic in 
this work. 3) For RA optimization and decision making, DQN [75] is also adopted. For one, 
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practising against a diverse range of smart city data makes the models robust especially to 
the numerous urban communication challenges thereby rendering eccentric predictions and 
usage of resources. * Execution: Refining our models through rigorous testing & validation 
in order to improve broadband user experience from the above research, it is clear that deep 
learning models have increased the 5G network’s adaptability and performances. 


4 BLOCKCHAIN TECHNOLOGY WITH 5G COMMUNICATION 


The integration of blockchain technology into the 5G framework aims to enhance security, 
privacy, and trust in mobile networks. Originally developed for cryptocurrencies, blockchain 
now offers secure and transparent data verification in SG networks. Its adoption can 
establish a decentralized and trustworthy system, addressing security and privacy issues. 


4.1 Blockchain is used to enhance security and privacy 


Blockchain can protect the security and privacy of 5G systems by using its encrypted security 
overlay structure and persist data transactions into a distributed ledger. maintain the integ- 
rity of data and to make sure users are not able to access information or change it without 
proper authorization. In addition, the cryptographic techniques used in blockchain allow 
privacy enhancement of communication networks, which would result in a confidential 
environment that is one of 5G network demands. 


4.2 Implementation and consideration 


To implement the blockchain in 5G network comprises a decentralized set of nodes which 
hold copies of ledgers. smart contracts and predefined rules that can be coded to automate 
security policies enforcement. The chosen consensus method, e.g. proof of work or proof of 
stake is a well-substantiated one and implies the need for great care ensuring transaction 
verification and network security. At the same time, interoperability with already-installed 
5G infrastructure on the ground, scalability and energy consumption are further others 
important points to ensure a seamless transition and its best performance. 


4.3 Evaluation of the impact of blockchain on the system 


5G systems have far-reaching implications for the aforementioned properties due to block- 
chain technology. The decentralized, anti-blocking attribute of blockchain helps to lower the 
security risks from weak access authorizations and data being modified without sponsor- 
ship. 8. Ledger transparency: Another key feature and function of a blockchain ledger is the 
quick identification of issues, enhancing security in 5G networks - user information is 
encrypted and stored among users, resulting in privacy protection; Implements smart con- 
tracts for automated privacy policies and removes the scope of error from human beings. 
Overall, despite potential trade-offs in terms of computational overhead, the advantages 
provided by blockchain to enhance security and privacy in 5G communication infrastructure 
are very valuable. 


5 RESULT AND DISCUSSION 


The experiments tested the potential of deep learning and blockchain for enhancing 5G 
broadband. In short, the results demonstrate improvements in latency, throughput and 
reliability using deep learning models. Chart showing the datashard and flag timestamp 
which touches most use cases latency but still improve overally performance. From the 
comparative analysis between both technologies, it is evident that combining them would 
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bring advantages to optimise SG mobile broadband in urban environments (Table 1 and 
Figure 2). 


Table 1. Comparison with existing methods. 


Method Latency (ms) Throughput (Mbps) Reliability (%) 
Proposed System 16.5 445.3 97.8 
Existing Method 1 19.2 420.1 94.5 
Existing Method 2 18.7 432.6 96.2 
Existing Method 3 20.1 415.8 93.7 


[oo] Deep learning model 1 

[Deep learning model 2 
Block chain enabled 
Control 


400 


Performance score 


o- f — = L 
Latency (ms) Throughput (Mbps) Reliability (%) 


Network Metrics (Experiment 1) 


Figure 2. Network metrics for experiment 1. 


The experimental results showcase the potential of an integrated approach to optimizing 
5G mobile broadband in urban areas. This approach reduces latency, boosts throughput, 
and enhances reliability through deep learning and block embedding. It is a promising 
solution that can transform mobile broadband performance, enhance security, and ensure 
privacy. However, challenges such as balancing performance and resource utilization, 
dealing with latency issues in computer vision, and overcoming regulatory barriers in large- 
scale SG networks remain. Improvements are needed for the implementation of these solu- 
tions in dynamic urban environments. 


6 CONCLUSION 


The findings may provide a new solution for 5G mobile broadband acceleration in smart 
cities based on deep learning and blockchain. The results indicate that by validating and 
installing consistent high-definition driver versions for silicon, they can expect latency, per- 
formance and reliability enhancements. However, as long as such issues are appropriately 
addressed with the development of computational performance and scalability at reasonable 
cost levels, this research points to a bright future for 5G networks in smart cities. The 
revelations of this research will be a relevant stepping stone for the evolution of mobile 
broadband and generate momentum for future advancements in urban communication 
networks. 
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ABSTRACT: Building a solid prediction model for the early identification of liver dis- 
orders is the major objective of this project. This approach will cover critical clinical criteria. 
The dataset is a complete collection of demographic and biological information acquired 
from diverse patient profiles. Finding deep relationships between genders is the collection’s 
major purpose. Cross-validation approaches with accurate completion and logistic regres- 
sion are performed to boost the prediction model’s accuracy. The conclusions of this study 
supply the researchers with vital information on the many components that impact how 
accurate liver disease estimations are. By developing a broader grasp of the complicated 
processes involved, our research intends to stimulate the continuing development of diag- 
nostic tools in the area of hepatology. 


Keywords: Liver Disease, Logistic Regression, Gender Disparities, Clinical Parameters, 
Predictive Modeling, Cross-validation, Biochemical Markers. 


1 INTRODUCTION 


The enormous repercussions of liver disease on the health of humans globally underline the 
need for novel and trustworthy prediction models that allows for early detection and focused 
treatment. A broad spectrum of illnesses commonly referred to as chronic liver ailments have 
emerged as a serious public health issue demanding immediate medical intervention to arrest 
the disease’s development. The current investigation intends to evaluate the subtle links 
between several clinical indicators within this paradigm that could be critical markers for the 
beginning and evolution of liver disorders. The realisation of how vital early detection is is 
one of the key driving factors for this endeavour. Early diagnosis and treatment of liver 
problems not only increases the efficiency of therapy but also may lower the socioeconomic 
burden that these illnesses eventually impose. Consequently, the development and refine- 
ment of predictive models become crucial instruments in the armoury of doctors, enabling a 
paradigm shift towards proactive healthcare operations. This study digs into the tough issue 
of gender variances in liver disease, in addition to highlighting the significance of early 
diagnosis. According to a new study, gender differences greatly impact the initiation, course, 
and effectiveness of treatment of diseases. Therefore, a complete grasp of liver diseases 
demands a professional investigation of these variances. The purpose of this research is to 
drastically revolutionise the area of hepatology by analysing the predictive ability of several 
clinical indicators, such as biochemical and demographic factors. The introduction sets the 
stage for a full analysis of these qualities and gives a framework for resolving the issues that 
come with liver disorders. We expect that this large investigation will reveal novel methods 
for early intervention, which will lower the burden of liver disease on the world’s health— 
particularly when contemplating the complexity connected with gender. 


DOI: 10.1201/9781003559092-89 519 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


2 LITERATURE SURVEY 


The corpus of existing research in predictive modelling and healthcare analytics literature 
reveals a dynamic environment, as evidenced by the numerous studies that utilise sophisti- 
cated methodologies to find patterns and insights in varied medical situations. Veskovic et al. 
(2023) [1] propose a change from an adipocentric to a liver-centric paradigm by analysing the 
link between hepatic insulin resistance and metabolic dysfunction-associated steatotic liver 
disease. The study of Danpanichkul et al. (2024) [2] puts a similar emphasis on liver health 
by underlining the burden of alcohol-associated liver disease and alcohol use disorder 
internationally and regionally, especially in the older population. Using machine learning in 
clinical diagnostics, Navaneethan and Thanga Prasath (2023) [3] examine the impact of 
eating red and processed meat on colorectal cancer. Hemati et al. (2023) [4] provide a 
technical study that presents a thorough overview of the swiftly increasing topic of applying 
artificial intelligence to simulate and model health and medical systems. 


400 4 


300 4 


200 4 


100 4 


Gender 


Figure 1. Gender distribution analysis in patient demographics: A visual exploration of healthcare 
dynamics. 


Van Sloten (2023) [5] analyses the prospects of machine learning in multi-omics-based 
microbiome research and gives insight into the nuances of this new subject. Using a machine 
learning technique, Gutiérrez-Esparza et al. (2023) [6] create dyslipidemia predictions, which 
in turn leads to tailored healthcare treatments. 

In the context of disease prediction, machine learning methods are utilised by Okebule 
et al. (2023) [7] and Zhang et al. (2023) [8] to predict breast cancer and the risk of a drop in 
bone mineral density in patients with type 2 diabetes mellitus, respectively. One example of 
how technology may be leveraged to help in medical diagnostics is the near-infrared spec- 
troscopy and supervised machine learning combination employed by Raposo-Neto et al. 
(2023) [9] as a screening tool for neutropenia. 

In order to uncover osteoporosis risk variables, Amin et al. (2023) [10] undertake a sta- 
tistical investigation, displaying the advanced use of statistical methodologies. Yazdani et al. 
(2023) [11] demonstrate the breadth of methodologies utilised in predictive modelling by 
comparing basic machine learning algorithms with an adaptive network-based fuzzy infer- 
ence system for the prediction of effective ageing. 

Gade et al. (2023) [12] offer a complete assessment of the use of biomolecules in AI and 
machine learning today, giving a wide viewpoint on the inclusion of biomolecular data into 
advanced analytics. Sayed et al. (2023) [13] present a detailed examination of the early 
identification of breast cancer utilising convolutional neural networks and thermography, 
stressing the significance of technical improvements in diagnostic approaches. 
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In order to illustrate the usability of this technology, Dirik (2023) [14] undertakes a 
comparison investigation on the usage of machine learning algorithms for obesity prediction. 
Shishehbori and Awan (2024) [15] enhance the area of personalised healthcare research by 
employing machine learning approaches to update prediction models and improve the 
capacity to forecast the danger of cardiovascular illness. 

This detailed analysis of the literature underlines the multiple advantages of machine 
learning in healthcare and covers the different ways employed by researchers to increase 
prediction skills and solve severe medical issues. Figure 1 shows the gender distribution 
analysis in patient demographics: a visual exploration of healthcare dynamics. 


3 METHODOLOGY 


The thorough invention and application of our technique, which aims to extract relevant 
insights from a complicated combination of biological markers particular to our dataset and 
demographic data, is the core premise of our work. A crucial antecedent to our study is a 
rigorous preparation method in which we meticulously filled in missing variables to verify 
the accuracy of our data. Figure 2 shows the demographic tapestry: unraveling age dis- 
tribution patterns in patient cohorts through visual analytics. 
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Figure 2. Demographic tapestry: Unraveling age distribution patterns in patient cohorts through 
visual analytics. 


Utilising the logistic regression model, a solid statistical instrument well-known for its 
success in binary classification issues, is a fundamental component of our predictive mod- 
elling method. Making use of this model is a calculated risk that helps us uncover patterns 
and connections in the data, which are vital for exact calculations when addressing liver 
sickness. Tuning the hyperparameters becomes critical to boost the predictive power of the 
model. By applying cross-validation methods to do a full assessment of hyperparameter 
space, we modify the logistic regression model to reach maximum performance and boost 
prediction accuracy. 

In addition, the dataset is carefully separated into training and testing sets, which is a vital 
step in evaluating how effectively the model can generalise outside of its training data. This 
chapter gives a comprehensive investigation of the model’s prediction abilities in scenarios 
that mirror real-world settings and are based on historical events. Gendered insights: mul- 
tivariate exploration of clinical parameters in patient cohorts through interactive pair plots is 
shown in Figure 3. 
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Figure 3. Gendered insights: Multivariate exploration of clinical parameters in patient cohorts 
through interactive pair plots. 


An in-depth research of our prediction model’s internal operations comprises a study of 
feature significance and relationship. Determining the value of diverse components within the 
model gives for a complete knowledge of their contributions to projections. Simultaneously, 
correlation analysis discloses minor correlations between variables, offering knowledge 
regarding probable collinearities that can degrade the interpretability of the model. Our method 
is comprehensive in nature, comprising model selection, hyperparameter tuning, data pre- 
paration, and insightful analysis to develop a predictive framework relevant to the difficulties of 
liver disease prediction. This comprehensive approach ensures not only our model’s stability but 
also helps us to get enhanced understanding of the interaction between biochemical and 
demographic data, extending our comprehension of the intricate terrain of liver disorders. 


4 RESULT & DISCUSSIONS 


Finally, the logistic regression model is a good result of our inquiry, with a cross-validated 
mean of 71.08%, indicating its excellent prediction accuracy. This picture serves as evidence 
of the usefulness of the modelling strategy we utilised, exhibiting its potential to uncover 
minute patterns in the dataset. Serum biomarker correlation: unveiling the interplay between 
albumin and albumin-globulin ratio in patients is shown in Figure 4. 
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Figure 4. Serum biomarker correlation: Unveiling the interplay between albumin and albumin- 
globulin ratio in patients. 
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A key element of our strategy is focused on investigating gender-specific polymorphisms 
contained in the molecular markers. This extensive research demonstrates substantial pat- 
terns that underline the relevance of gender as a major variable in the development of liver 
disorders. By identifying these inequalities, our study contributes to the rising body of 
information on gender-specific characteristics that dramatically affect the liver disease pre- 
diction environment. When it comes to identifying liver disease, the consequences of age, 
albumin, and total bilirubin are well explored. We acquire essential insights into the com- 
plicated interaction between these components by a detailed investigation of their influence, 
providing us a clearer knowledge of their actions as potential prognostic markers. This 
sophisticated scenario goes beyond simple statistics to analyse the therapeutic efficiency of 
these qualities and their relevance in real healthcare circumstances. Figure 5 shows multi- 
dimensional portrait: exploring interrelationships among clinical parameters in patient 
cohorts through comprehensive pair plots. 


Figure 5. Multidimensional portrait: Exploring interrelationships among clinical parameters in 
patient cohorts through comprehensive pair plots. 


We utilise sophisticated presentation tactics to increase the data’s interpretability. 
Heatmaps and pair plots serve as crucial approaches, delivering a visual tale to help our data 
investigation. These visualisations not only make our findings more relevant, but they also 
work as a stimulant for further research, enabling interested parties to interact more natu- 
rally with the data patterns. The realisation of the projected advantages of gender-specific 
models in enhancing prediction accuracy is one of the key surprises of our research. This 
study shows the importance for professional strategies that take into account the complexity 
of gender-related variances in liver illness prognosis and gives opportunities for additional 
research and model building. Essentially, our data and annotations give a holistic explana- 
tion that goes beyond mere numbers to build a tale that blends statistical discoveries, ther- 
apeutic effects, and visual insights. We expect that this extensive work will widen the 
discourse on gender-specific difficulties in healthcare analytics, as well as enhance the area of 
predictive modelling in hepatology. 


5 CONCLUSION & FUTURE WORK 


Logistic regression is different from other sophisticated techniques to identify liver disease 
using clinical data, as per our findings. Great improvements in prognostication as revealed 
by the performance and flexibility of the model Specific models by gender may be particu- 
larly informative, given provision of gender-specific provenance strengthens prediction from 
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molecular markers. This highlights the importance of individualized strategies in hepatology. 
Our results provide a foundation for future work, thereby motivating applications such as 
adding more features and utilizing sophisticated machine learning approaches to improve 
the prediction prowess. Validation on 5 diverse datasets demonstrates our model’s ability to 
generalize to different demographics. Together, our results represent a major step in models 
for predicting risk of liver disease and move precision medicine forward in hepatology. 
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ABSTRACT: Facial detection has a rich history, evolving to interpret human emotions 
from facial expressions across video, EEG signals, and images. Fulfilling the requirements of 
emotion detection in AI system is essential for making informed-decision, for the identifi- 
cation of span intact, personalized offers and security. While interference of human in this 
and performing accurately with the computer algorithms is a challenging task. For over- 
coming this situation it involves processes like image processing for feature extraction and 
implementing number of machine learning algorithms with its training and testing phases. 
Recent upgradations in computer vision and machine learning, mainly Convolutional 
Neural Network (CNNs), leads to a successful emotion detection. Our paper has gone 
through various algorithms and extraction techniques to improve the accuracy of emotion 
identification, highlighting the impactful results of the algorithm. 


Keywords: Convolutional Neural Network (CNN), *Machine Learning, Deep Learning, 
Computer Vision, Emotion Recognition. 


1 INTRODUCTION 


Detecting human emotions*plays a crucial role in diverse domains, adding an extra layer of 
security” and offering valuable insights into an individual’s state of mind. Adding on face 
detection, emotion detection is very important, especially where more security is needed. This 
means not only recognizing faces but also looking at emotions on faces. Apart from security, 
emotion detection is very useful in business promotions. Businesses really need to know how 
customers feel about their products and services, and if an AI system can catch and understand 
real-time emotions from user photos or videos, it can really help in making decisions. 

Security is main thing in identifying people through many ways like fingerprint matching, 
voice recognition, passwords, or retina detection. But also understanding why a person is 
doing something is very important to stop any possible threats. This is very true in places like 
airports, concerts, and big public gatherings where there have been security problems 
recently. Detecting human emotions, which span a complex spectrum including“fear, con- 
tempt, disgust, anger, surprise,” sadness, happiness, and neutrality, poses a subtle challenge. 
“Facial muscle contortions associated with these emotions are minimal, making differ- 
entiation a nuanced task. Additionally, expressions may vary widely even among the same 
individuals, depending on the context. While focusing on key facial areas like the mouth and 
eyes, where emotions are most pronounced, extracting and categorizing these gestures pre- 
sents significant challenges. Notably, the application of” neural networks and machine 
learning has shown promise” in addressing these challenges. 

The human emotion dataset emerges as a valuable resource which is offering insights into 
the robustness and adaptability of classification algorithms across diverse datasets. 

The proposed workflow for emotion detection encompasses: 


e Dataset pre-processing 
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e Face detection 
e Feature extraction 


Classification based on extracted features. 


2 OBJECTIVES 


Facial Emotion Recognition (FER)”is a cutting-edge technology with multifaceted objec- 
tives aimed at revolutionizing various industries. The primary goal of FER is to enable 
machines to accurately identify and interpret human emotions based on facial expressions. 

The following objectives outline the key aims of implementing Facial Emotion 
Recognition: 


Enhanced Human-Computer Interaction 
Healthcare Applications: 

Marketing and Consumer Insights: 
Education and Training: 

Security and Surveillance: 

Emotionally Intelligent Virtual Assistants 
Cross-Cultural Adaptability: 


3 LITERATURE REVIEW 


Babajee and his team [1] in their model detected the facial emotions of human using the 
techniques of deep learning. The detection detects seven emotions like happy, sad, fear, 
disgust, etc. using CNN technique. Satyanarayana with her team [2] used the technique of 
emotion detection using” access to cloud.” The model used is one of the common and crucial 
technique in various research fields. Here deep learning plays a role in recognizing face. In 
this research paper detects emotions such as happiness, sadness and anger. Therefore, there is 
a need to provide this information as a python code, and then creating its own identity. 
Mirsamadi[3] and their team developed a new way to figure out emotions from speech using 
computers. They used something called Recurrent Neural Networks (RNNs) for this. These 
RNNs help pick out important parts of the speech to understand emotions better. They also 
came up with a smart method to gather useful information from different parts of the speech 
over time. This makes their technique better at recognizing emotions in speech. Overall, their 
work seems like a big step forward in understanding emotions through speech, using smart 
computer methods. It would be interesting to know more about how they did it and how well 
it works. Sati and team [4] worked on identifying faces, recognizing them, and figuring out 
emotions using NVIDIA Jetson Nano. They made improvements in accuracy and how well 
the model classifies emotions in faces by adding more features to it. Yadahalli and their team 
[5] worked on spotting tiny facial expressions using a deep learning method. They con- 
centrated on six different emotions using a dataset that had eight layers of information. 
Yadan Lv and their team [6] worked on the tools they used in their study helped in finding 
different facial features without having to make extra changes or remove any unwanted 
sounds. Tan and their team [7] developed a method to quickly recognize emotions using 
something called a spiking neural network (SNN). Their work was the first to introduce this 
technique, which helps us understand how the brain works.” Li and their team [8] studied 
deep facial expressions, talking about the difficulties faced in neural network systems like not 
having enough training data and dealing with different expressions. They suggested a new 
technique called neural pipeline to handle these problems and make the Facial Emotion 
Recognition (FER) model work better." Hassouneh and their team [9] made a system that 
can recognize emotions in real-time using facial expressions and electroencephalogram 
(EEG), using deep learning and machine learning techniques. “Ekman and his team [10] 
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described seven main emotions and studied Facial Emotion Recognition (FER) based on 
these emotions.Pankaj Shinde et al. [10] proposed Emotion Recognition based on Matsugu 
and his team [11] made the first model to recognize emotions in faces, highlighting how 
strong it is and how it works for anyone. They used a CNN model that looked at small 
differences between normal and emotional faces, following a structure like Fasel’s model. 
Rivera and their team [12] brought in something called the Local Directional Number 
Pattern (LDN), showing how good it is at telling things apart compared to other ways. Anil 
and his team [14] categorized algorithms into two types: Geometric Feature-based and 
Appearancebased methods. The Geometric Feature-based methods include Gabor Filters, 
Local Directional Pattern, Pathed Geodesic Texture, Curvelet Feature Extraction, FARO, 
and Gradient Feature Matching. The research also covered Active Appearance Models 
(AAMs) and their different types. Mohammed and his team [15] presented a fresh algorithm 
that merges Bilateral Two-dimensional Principle Component Analysis (B2DPCA) with an 
extreme learning machine (ELM) for detecting emotions. They found that using a curvelet- 
based algorithm led to excellent rates of emotion detection across different databases. 


4 DATASETS USED 


DEEPFACE LIBRARIES: DEEPFACE framework is very useful as lightweight tool for 
face recognition and checking facial attributes like age, gender, emotion, and race. This is 
Python-based API and works as wrapper for top models specially trained for face recogni- 
tion. DEEPFACE can use pre-trained models, and one of the options is VGG-Face. 


5 PROBLEM STATEMENT 


Facial emotion recognition (FER) technology can bring big changes in many areas like 
computer interaction, mental health monitoring, marketing, and security. It works by 
looking at facial expressions in photos or videos to understand human emotions correctly. 
But, there are some big challenges in making it work well: Variety in Expressions, 
Complexity and Confusion, Getting Good Data, Speed Matters 

Solutions: More Varied Data, Better Understanding of Features, Considering Context, 
Making Things Clear, Fast and Efficient, Learning and Improving, Being Responsible 

By working on all these things together, we hope to make the facial emotion recognition 
technology more accurate, reliable, and fair, so it can be used widely in different areas 
without running into as many problems. 


6 METHODOLOGY 


Facial Emotion Recognition (FER) usually go with the step marking technique to make a 
suitable model for understanding the expressions accurately. At first, unique and accurate 
datasets are being chosen with variety of emotions, different types of people and the condi- 
tions. After the selection of dataset, pre-processing of data is performed with the help of 
techniques like face detection, alignment, normalization, etc. to make the dataset better. 
Feature extraction methods like deep learning architectures, such as Convolutional Neural 
Networks (CNNs), take important facial features for emotion recognition. Model training 
means splitting the dataset into training and testing sets, adjusting settings, and improving 
performance measures. Post-processing steps make model predictions better, and ethical 
things like fixing biases and keeping privacy are included in the method. 

Continuous watching, maintenance, and updates help the FER system stay good and last 
long. Overall, FER methods combine data preparation, model making, and ethical con- 
siderations to make good and responsibly used emotion recognition systems. 
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7 RESULTS AND DISCUSSION 


We've made great strides in improving facial emotion recognition (FER) technology by 
implementing some solutions to its challenges. Here is what we have done: Better accuracy by 
using different methods to make data more diverse and improving how we take features from 
facial expressions. Now FER models understand emotions much better, seeing small facial 
cues and finding emotions more accurately than before. It also works faster and smoother, 
especially for tasks needing quick response, like security systems. By optimizing real-time data 
processing, it looks at facial expressions without slowing down, working smoothly. Our FER 
systems now look at more than just facial expressions, like body language and speech patterns, 
to understand emotions better in different situations. We confirms that FER model can prove 
the decisions made clearly using some techniques in order to make us understand why the 
person is felling in a certain way before diving into a conclusion. FER models keeps on 
upgrading their skill with the flow of data and the feedbacks given to it which helps the 
individual to accept numerous situations and become more fragile in their decisions. The step 
is also taken for the responsible use of our model considering privacy, biasedness and misuse of 
the model by being open in development and following the strict guidelines for safety purpose. 
As we perform operation we can see different results as: 


Welcome to Facial Emotion Recognition Welcome to F: 


ial Emotion Recognition 


E U 


Hello, AMAN! 


Figure 1. First impression captured. 


cognition 


Figure 2. Emotion capture. 


The first picture (Figure 1) gives us the first expression captured by the webcam while 
performing the emotion recognition process and the other pictures providing frame by frame 
change in expressions (Figure 2). 

The accuracy for the different emotions are different: 


Table 1. Accuracy table. 


Emotions Accuracy 
Sad 70%-75% 
Fear 75%-80% 
Neutral 90%-95% 
Surprise 60%-65% 
Disgust 50%-60% 
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8 CONCLUSION 


At the end of the research paper, we talk about the big progress made in facial emotion 
recognition (FER) technology, dealing with many challenges to make it more accurate, effi- 
cient, and ethical. By using different solutions like data augmentation, strong feature 
extraction, understanding the context, clear decision making, learning continuously and 
thinking about the ethics, we have come a long way in making the model better. The work 
done has improved the accuracy in recognizing even minor facial expressions and many 
emotions, which makes sure that the model will work smoothly and can process data faster in 
real-time for things which requires a quick response. Adding the idea of body language and 
speech analysis helps us to understand the emotions better in different situations, which makes 
the model even more useful. Continuous learning will help the FER model keep improving 
and adapt to different situations and people. We focused on concerns about privacy, bias, and 
misuse of the model to make sure the FER technology is used in a responsible way. 


REFERENCES 


[1] In 1977, Ekman and Friesen presented the Facial Action Coding System, a comprehensive framework for 
understanding facial expressions. 

[2] Anil and Suresh conducted a literature survey on face and facial expression recognition during the 2016 
International Conference on Circuit, Power, and Computing Technologies. 

[3] Matsugu, Mori, Mitari, and Kaneda, Explored Subject-Independent Facial Expression Recognition With 
Robust Face Detection Using a Convolutional Neural Network in 2003. 

[4] Li and Soares, (2011), Delved into automatic facial expression recognition using 3D faces in the 
International Journal of Engineering Research and Innovation. 

[5] Mohammed, Minhas, Wu, and Sid-Ahmed, Proposed a Human Face Recognition System Based on 
Multidimensional PCA and Extreme Learning Machine in 2011. 

[6] Rivera, Castillo, and Chae, Introduced the Local Directional Number Pattern for Face Analysis, 
Focusing on Face and Expression Recognition in 2013. 

[7] Kahou, Pal, Bouthillier, Froumenty, Gülçehre, Memisevic, Vincent, Courville, Bengio, Ferrari, et al. 
Combined modality- specific deep neural networks for emotion recognition in video during the /5th 
ACM International Conference on Multimodal Interaction in 2013. 

[8] Mehmood, Du, and Lee, (2017), Developed an Optimal Feature Selection and Deep Learning 
Ensemble Method for Emotion Recognition from Human Brain EEG Sensors. 

[9] Babajee, Suddul, Armoogum, and Foogooa, Identified human emotions from facial expressions using 
deep learning in the 2020 Zooming Innovation in Consumer Technologies Conference. 

[10] Satyanarayana, Vardhan, Tejaswi, and Kumar, Explored emotion recognition through deep learning 
and cloud access at the 2021 International Conference on Advances in Computing, Communication 
Control, and Networking, IEEE. 

[11] Sati, Sanchez, Shoeibi, Arora, and Corchado, Worked on face detection, recognition, and emotion recog- 
nition through NVIDIA Jetson Nano during the International Symposium on Ambient Intelligence in 2020. 

[12] Mirsamadi, Barsoum, and Zhangm, Developed an automatic speech emotion recognition system using 
recurrent neural networks with local attention at the 2017 IEEE International Conference on Acoustics, 
Speech, and Signal Processing. 

[13] Yadahalli, Rege, and Kulkarni, Focused on facial micro-expression detection using deep learning 
architecture at the 2020 International Conference on Smart Electronics and Communication, IEEE. 

[14] Ly, Feng, and Xu, Explored facial expression recognition via deep learning at the 2014 International 
Conference on Smart Computing, LEEE. 

[15] Tan, Sarlija, and Kasabov, Introduced NeuroSense, a short-term emotion recognition and under- 
standing system based on spiking neural network modeling of spatiotemporal EEG patterns in 
Neurocomputing in 2021. 


529 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Fake news detection with artificial intelligence, natural language 
processing and reinforcement learning 


J. Radha, R. Inmugesh, J. Raj Kumar, V. Naveen Kumar & R. Dhinakaran 


Department of Computer science and Engineering, Nandha Engineering College (Autonomous), Erode, 
Tamil Nadu, India 


ABSTRACT: Inthe era of technology, fake news is a ubiquitous and crafty phenomena that 
seriously jeopardizes the integrity of public discourse and the welfare of our society. The 
deliberate dissemination of false or misleading information across several media channels has 
the power to mislead, alter public opinion, and even incite social unrest. As the digital land- 
scape evolves, the capacity to recognise and combat fake news will become increasingly 
important in order to preserve informed citizens, promote responsible information consump- 
tion, and safeguard democratic values. The proposed method aims to detect fake news by 
combining natural language processing (NLP), reinforcement learning (RL), and block chain 
technology. The process is compiling a sizable collection of news articles and their associated 
metadata. Tokenize and sanitise the text, NLP-based pre-processing is then applied. Next, 
relevant features such as readability and word frequencies are extracted. An RL agent is 
trained on these characteristics to distinguish between authentic and fake news through the use 
of a reward and punishment system. Following training, the RL agent evaluates a new article’s 
veracity using the features it has gathered. Though mentioned, additional information is nee- 
ded to fully understand how block chain technology might system. By using this creative tactic, 
false and misleading information in digital news is kept from spreading. 


Keywords: Machine Learning, Fake News, Social Media, Fake News Detector 


1 INTRODUCTION 


In the current digital era, unsupervised model-based fake news identification is a crucial and 
innovative tactic to counter the broad spread of incorrect information. With the rise of social 
media and online platforms, misleading information has become a serious concern as it 
threatens public safety, democracy, and even civil debate. Unsupervised algorithms depend 
on the inherent patterns and characteristics of textual material, without the use of pre- 
labelled training data, to distinguish between real news and fake information. These algo- 
rithms use clustering, anomaly detection, techniques to automatically identify potentially 
hazardous content and deceptive narratives. This provides a proactive and scalable solution 
to the widespread issue of false news. As false news continues to jeopardise the integrity of 
information, the development of unsupervised models is a critical step in the ongoing battle 
to protect the authenticity and reliability of news sources and content shared online. 


1.1 Machine learning 


Machine learning, a dynamic and transformative topic within the broader field of artificial 
intelligence (AI), enables computers to do tasks more effectively without explicit programming 
by learning from data. Machine learning uses statistical models and mathematical algorithms 
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to find patterns, make predictions, and uncover insights from complex and large-scale infor- 
mation. By examining these data-driven patterns, machines can make intelligent judgments 
and continually improve their comprehension of the world. which eventually improves per- 
formance and produces more accurate results in a variety of activities. Thanks to the avail- 
ability of big datasets and advances in processing power, machine learning has advanced 
quickly in recent years. In today’s data-driven world, this innovation is becoming more and 
more important since it helps businesses and organisations to automate repetitive operations, 
extract insightful information, and make data-driven decisions. Machine learning is still a key 
technology that is changing how we interact with technology and perceive the world around 
us, with the potential to revolutionise entire sectors and spur innovation. 


1.2 Fake news 


Fake news has emerged as a significant and concerning issue in the age of social media and 
digital information. It refers to data that has been knowingly fabricated or distorted and 
disseminated as news, usually with the intention of deceiving or influencing the public. The 
ease with which information may be shared online, where unconfirmed or obviously fraudu- 
lent items can quickly gather traction and generate confusion, disagreement, and perhaps alter 
people’s beliefs and judgments, is one of the elements contributing to the emergence of fake 
news. Important questions regarding media literacy, the role of responsible journalism, the 
effects of misinformation on society, and the veracity of information in the digital age are 
raised by this modern plague. False information spreading has an impact on politics, public 
health, and other aspects of society globally. In an era of unprecedented access to information. 


1.3 Social media 


Social media has undergone a radical transformation. How people connect, communicate, 
and share information, and it is now a vital and dynamic aspect of contemporary life. And 
services that facilitate the creation, sharing, and distribution of user-generated content, hence 
fostering global networks and online communities. Social media has fundamentally altered 
we share our lives, communicate, and obtain news and entertainment sites like Friendster 
and Myspace to the current ubiquity of behemoths like Facebook, Twitter, Instagram, and 
changed all of these things. Social media, which has billions of users globally, has enormous 
influence over how people talk in public, how they shop, and even how political movements 
are carried out. In addition to completely redefining communication, the digital revolution 
has also drastically changed how companies interact with their clientele and promote their 
goods. The democratisation of information and the emergence of online influencers are the 
results of it providing people and organisations a voice and a platform to express themselves. 
Social media’s influence is not without its drawbacks, though, such as problems with 
addiction, misinformation, cyberbullying, and privacy. Social media is still a dynamic and 
powerful force in our lives, changing and influencing many elements of it along the way. This 
raises significant concerns regarding social media’s place in society and what it means for the 
future of connectedness and communication. 


1.4 Natural language processing 


The goal of the artificial intelligence area known as “natural language processing” (NLP) is 
to enable computers to comprehend, interpret, and produce human language. It’s a cutting- 
edge field of research that aims to close the comprehension gap between humans and 
machines. Machines can now deal with text and audio data thanks to a variety of approaches 
and algorithms used in natural language processing (NLP). These tools enable machines to 
extract meaning, provide answers, translate between languages, and even have meaningful 
conversations with people. NLP has swiftly progressed and its applications continue to 
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increase, having a substantial impact on areas including healthcare, customer service, and 
content analysis. NLP is the foundation of applications like chatbots, language translation 
services, and sentiment analysis tools. NLP is becoming more and more important in our 
data-driven society, as evidenced by its use in content recommendation engines, voice 
assistants, and social media sentiment analysis. Thanks to machine learning and deep 
learning approaches, its capabilities are constantly expanding, making it a crucial technol- 
ogy in a time when both consumers and businesses depend on effective machine commu- 
nication and the ability to comprehend enormous amounts of textual data. With continued 
development, has the potential to improve human-computer interaction and unlock the 
enormous amount of unstructured text data that exists in the digital age. 


2 RELATED WORK 


Social media is frequently used by people to obtain and share news, which contributes to the 
widespread dissemination of both true and incorrect information. False information spreading 
has a negative impact on society. Differentiating between the many kinds of false information 
is one of the main obstacles to efficiently identifying fake news on Twitter. By concentrating on 
methods to identify erroneous information, academics have made progress in their search for a 
solution. The dataset FNC-1, which provides four criteria for categorising investigation. The 
methods employed in this study built a model known as a stacked ensemble using a decen- 
tralised Spark cluster. We first extracted features using N-grams, Hashing TF-IDF, and count 
vectorizer. Then, we used the recommended stacked ensemble classification model. 


3 > METHODOLOGY 


The proposed approach for detecting fake news integrates natural language processing, 
reinforcement learning, and block chain technology. It consists of several key elements. 
First, a large dataset containing metadata such as the author, date, and source of news pieces 
would be assembled. After that, NLP pre-processing techniques would be used to clean and 
tokenize the text.the attributes that were gathered as training data. The agent would receive 
rewards for correctly identifying phoney news and punishment for incorrectly identifying 
authentic news. Following training, the agent may be used to analyse the extracted features 
of recently found news articles to assess their truth value. 


4 MODULE DESCRIPTION 


4.1 News organisation 


In an attempt to halt the spread of misleading information, research on identifying fake 
media utilising block chain and natural language processing techniques is growing. 
Examining the structure of news sources to spot false media is one method to address this 
problem. The structure of a news story, also known as its organisation, includes the headline, 
introduction, body, and conclusion. 


4.2 Verification of data 


In order to improve the identification of false media using block chain and natural language 
processing techniques, data authentication mechanisms can be introduced. Data authenti- 
cation ensures that the material being processed is real and hasn’t been altered, which is 
important for recognising fake media. One way to perform data authentication is to use 
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digital signatures to verify the news article’s sources. Digital signatures are created using 
cryptographic techniques and are FNC accuracy of information. Because the news piece is 
linked to and kept on a block chain, it has a digital signature that can be easily verified and 
tampered with. Another tactic is to use machine learning algorithms to identify data 
inconsistencies. For example, language problems in fake news items could include a headline 
that misrepresents the content of the article. Machine learning algorithms are able to 
recognise these differences and teach themselves to flag potentially counterfeit information. 


4.3 Authority-proof (POA) 


In a proof-of-work system, a set of trustworthy validators is chosen the blockchain. 
Typically, this validator is a company or individual with a strong reputation for integrity and 
honesty. The validator has to authenticate the news articles before adding them to the block 
chain. By using PoA, it is possible to create a system that can detect false content and is 
resistant to attacks by nefarious actors. The results of the analysis can be forwarded to the 
validator for verification. If the news story is verified as real, it can be appended to the block 
chain. If not, it could be rejected. 


4.4 Man-made media 


The detection of bogus media using techniques can be a useful tool in identifying and halting 
the dissemination of misleading material. Fake media is defined as images, films, or articles 
that are intentionally created with the goal of misleading or fooling the audience. Natural 
language processing techniques can be used to examine news articles‘ wording in order to 
identify potential instances of misinformation in the media. For example, NLP can be used 
to spot linguistic irregularities in news items, like a headline that doesn’t match the substance 
of the story. NLP can also be used to evaluate the article’s sentiment and spot any bias or 
inaccurate information. Figure | shows the system architecture. 


NEWS COLLECTION AND TRAINING PHASE 


SEGMENTATION 
CLEANING FEATURE 


EXTACTION FEATURED DATA 


STOREAGE 


INDEXING 


WORD EMBEDDING 


NWES QUERY 


TRAINED 
DATA 
= > 
SEGMENTATION MACHINE 
SOURCE CLEANING FEATURE LEARNING 


EXTACTION 


INDEXING REAL-FAKE 


SUSPICIOUS 
WORD EMBEDDING 


Figure 1. System architecture. 
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5 ALGORITHM DETAILS 


A vital component of modern media research is the Buzz feed News Fact-Checking dataset, 
which provides a comprehensive collection of news stories coupled with careful fact-checking 
annotations. Distinguishing between disputed and authenticated news items is essential for 
preserving the integrity of information distribution as disinformation spreads widely on 
digital platforms. Researchers and practitioners may benefit greatly from the Buzz feed 
dataset, which makes it possible to create reliable models for categorizing news items as 
authentic or fraudulent. 


6 RESULT ANALYSIS 


The recommended method can be evaluated based on several metrics, such as to see how 
successfully it detects false news. The percentage is calculated by recall, while the percentage 
anticipated positives is calculated by precision. Greater performance is indicated by a higher 
number. Recall and accuracy are weighted averages that make up the F1 score. The per- 
formance of the proposed system can be evaluated by comparing the predictions with a 
tagged dataset of real and false news stories. The system’s predictions can then be examined 
to determine its precision, recall, and F1 score. The system’s effectiveness can also be eval- 
uated by comparing its results to those of other state-of-the-art false news detection systems. 
Overall, a variety of factors influence how successfully the proposed system detects false 
news. Accuracy of the existing algorithm is 78 whereas for proposed algorithm is 85 as 
shown in Figure 2. 


86 
84 
82 
80 


78 
74 


EXISTING PROPOSED 


Figure 2. Comparison graph. 
7 FUTURE WORK 


In the subject of false news identification may concentrate on enhancing the suggested sys- 
tem’s precision and effectiveness. A possible avenue for enhancement is the feature extrac- 
tion procedure, wherein further features could be investigated to augment the RL agent’s 
capacity to differentiate between authentic and fraudulent news. Additionally, sophisticated 
NLP methods like deep learning models could be used to raise the system’s efficiency. 


8 CONCLUSION 


In conclusion, in a society where the dissemination of incorrect information can have dire 
repercussions, identifying fake news is an essential responsibility. A potential answer to this 
issue is the suggested method that combines block chain technology, reinforcement learning, 
and natural language processing. An RL agent can be trained to discriminate between true 
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and false news by integrating NLP approaches for pre-processing and feature extraction 
from news items. Furthermore, the legitimacy and integrity of the data being studied are 
ensured by employing block chain technology, making it more difficult for someone to 
secretly change the data. All things considered, this proposed approach might play a major 
role in discouraging information and promoting the dissemination of accurate information. 
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ABSTRACT: Study on thermal radiation’s impact on nanofluid flow over a wedge with 
Marangoni boundaries. incorporating Brownian motion and thermophoresis effects. We ana- 
lyze Sherwood, Nusselt, and skin friction coefficients under various parameters by converting 
equations into nonlinear ODEs using similarity transformations. Our findings reveal significant 
enhancements in heat transfer capabilities due to Marangoni boundary effects. Utilizing FEM 
implemented in Mathematica 10.4, we present comprehensive velocity, temperature, and con- 
centration profiles through graphical representations and tabular data. Notably, the magnetic 
field parameter’s impact on velocity profiles diminishes with increasing M values. 


Keywords: Carreau nanofluid, Marangoni boundary conditions, thermal radiation, 
Brownian motion and thermophoresis, Magnetic field parameters 


1 INTRODUCTION 


The advent of nanofluids has spurred widespread interest among researchers in recent times, 
owing to their diverse array of applications spanning cooling technologies, processes of heat 
and mass transfer, and advancements in medical fields. Notably, the development of highly 
conductive nano ribbons marks a significant milestone in the quest for enhancing the per- 
formance of next-generation batteries. Additionally, the integration of PCMs and sugar 
alcohols (SAs) with nanomaterials holds promise for efficient heat storage and release 
mechanisms. Research efforts predominantly focus on unraveling the heat transfer cap- 
abilities, advantages, and innovative applications of nanofluids, which extend beyond 
industrial domains to encompass agricultural sectors as well. 


2 LITERATURE REVIEW 


Seminal contributions by researchers such as Choi et al. [1], Eastman et al. [2], among others, 
which have laid the groundwork for extensive applications of nanotubes and ethylene glycol- 
based nanofluids, respectively. This burgeoning interest has led to investigations into diverse 
aspects such as stability, comparison with conventional fluids, and the integration of nano- 
fluids in photovoltaic cooling panels, as evidenced by the works of Ebaid et al. [6] and Wahid 
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et al. [12]. Gold as a nanoparticle to cure cancer cells. Applied techniques are realistic and 
achieved worthy result. Xiu at.[13—15]’s studies were focused towards different types of 
Nanonfluids employing Wedge geometry for enhancing both Heat Transfer (HT)and Mass 
Transfer(MT). The literature reflects a concerted effort to understand the intricacies of 
nanofluid behavior, considering particle size and shape’s impact on heat transfer mechan- 
isms. Against this backdrop, this study aims to address a notable research gap by investi- 
gating the behavior of Carreau nanofluid with Marangoni boundary conditions in a wedge 
geometry, examining the impacts of Brownian motion and thermophoresis. 


3 MATHEMATICAL FORMULATION 


Consideration is given to a porous structure in the shape of a Wedge, which moves at a velocity 
of w,,(x) Analyze heat and mass transfer in Carreau nanofluid with consideration of magnetic 
field, thermal radiation, and suction at the wedge wall. Carreau nanofluid does not follow 
power-law form for stream velocity: ue(x) = bx” Here, x represents coordinates on top of the 
wedge, in Figure 1. It should be noted that for stretching surfaces on a wedge, whereas for 
shrinking surfaces on it, u(x) < Oholds true. At stretching surfaces, temperature T corresponds 
to that of Carreau nanofluid inside boundary layer; however far from wedge wall lies tem- 
perature T,,where Tẹ, is the temperature at the wall. Due to constant concentration levels 
present there, nanoparticles cannot exist on any part (including walls) of said wedge because 
they tend to move from high concentration areas towards low ones. Concentration level C exists 
within boundary layers while free streams have constant value referred to as and Cx is in the 
free stream. Angle xp defines Hartree pressure gradient present in said wedge’s structure. 


Ug (x) = bx™ 


Figure 1. Physical model and coordinate geometry of the problem. 


3.1 Governing equations 


(2) 
OT OT k@&T OTAC Dr /(dT\*| 1 ôq 
u Ly = t+ T|Dp H H (3) 
Ox OY Py OY" Oy Oy Tx \ dy Pep OY 
ðc əc C Dr&T 
u + y—= Dp Top (c€ — Coo) (4) 


oy oy? 
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The related boundary situations are 


Ou Ou Oo ac OT Oc 
5 =V, W= = = ; i ,C=C,+k 
u La vV=Vp, w=0, (a2) (Z) o @ az Yr =) E=¢ 2 


u= ue =bx", TT,C 4 Cx, at poo 


Where, Ow Ow 


Similarity transformations are presented as 


wb NVP ma, b(m+1) ma TT 
(2 xS) > X y O(n) = TOT (7) = 
Where, O 4” ƏT! 
T=- 3K* az 


STE PAT (PSP + 6T2 (T = Ty)” 


T-T, 
= 2 T=T,(1 w— 1)0) — — 
o= ZT = Tal + (0—10) 


Where 0, = ae is the temperature parameter. 


Oz’ 


aty=0. (5) 


(6) 


(7) 


(8) 


frit wer?” (1 +nwe's'?) ti +j- -me -D=0 aD 
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4 4 
6" +Prf 6! + PrNto”” + PrNbé’¢’' 4 y pl + 46 1)°6" 4 r 
Nt 
II l L ` 4 l o" C S=0 
S ef S Nb 1 


Conditions have been transformed by the associate. 
f(0)=0, f”(0)=-—2(1 +r), 0(0)=1, S(0)=1 
f'(%0)—= 0, (00) -0, S(%æ)— 0 


Parameters are defined in a non-dimensional way. 
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(13) 

(14) 

(15) 

(16) 
_ v 
Sp 

(17) 


Another objective of this issue is to compute. (Ca), (Nux) and (Sh) and are given as 


Xdw Xip 
hy = 
k(Tw _ Tx) a Dm(Cw _ Cx) 


Tw 
nA — 1 
Ch pepe (18) 


4 APPROACH OF NUMERICAL SOLUTION 


Finite element Approach 
The finite element method (FEM) is an effective technique for resolving partial differential 
equations and ordinary differential equations. 


Domain split into finite elements. 
This approach is a highly effective numerical technique in contemporary engineering 
analysis. 

e The FEM can be utilized to solve integral equations in various disciplines such as elec- 
trical systems, fluid mechanics, heat transfer, chemical processes, and many more. 


The following are the steps in the finite element approach [17,18]: 


Define the problem and domain. 

Discretize the domain into finite elements. 

Approximate the solution within each element. 

Assemble the element equations into a global system of equations. 
Solve the system of equations to obtain the solution. 

Interpret and evaluate the results. 


To address the non-linear ordinary differential equation (12)-(14) while adhering to 
boundary conditions (15,16), we commence by making an assumption. 


df 
— =h 19 
r (19) 
The equations (12) to (14) then reduces to 
n-3 
h" i + Wely]? (1 +nWe(h'y) +n + y|- h] + M(1—h) =0 (20) 


4 
6" +Prf 6 + PrNt0” + PrNbO'¢' 4 q + 0(0y — 1)0" 4 Bll + OO 1)" (0n 1e*= 0 2) 


Nb 
p" +Lefp' + 


me —~C\~=0 (22) 


Boundary conditions are expressed in a specific format. 
n=0, f=0, -21+rn=7',0=1,¢6=lyn>w, h=0,0=0,¢=0 (23) 
Condensed: Variational formulation for linear element Eq. (20) to (24). (ne, Ne at) is given by, 
Neti 


Ne+\ 4 
| wi $- n) dyn =0, | w2 Git + We(ht)”| * (1 +nWe?(h)”) +f W+y[l—h’] 


Nett 


+M(1—h))dyn = 0 | w3 (o" + Lef + a 
n 


i cio) dn=0 (24) 
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Rewritten: Three test functions, wl, w2, and w3,f,h,theta and ø represents variations. To 
achieve finite-element formulation, finite-element approximations are substituted into the 
equations. 


2 2 2 2 
f= So fivh = X hypo = 5 Opp = DOLA With, wi = W2 = W3 
j=l j=l j=! j=l 


= Vi, (1,2,3 = i) (25) 


Outlines of Shape functions for an element are defined by Me me+1) 


e Mei +Ne—2n) Main) 2 4m =ne) Mea — 0) 
Vi > 2 Wo = 2 3 
( ey (Meat _ Ne) (26) 
e Ne a Ne — 40 N= Ne 
ya 3 Ne SN S Nepi: 


(Me+ı a Ne) 
The finite element model of the aforementioned equations is delineated. 
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5 RESULTS AND DISCUSSIONS 


We will study the behavior of the Carreau nanofluid flow over the wedge using the Marangoni 
convention in this section. The findings of our numerical analysis will be shown both graphi- 
cally and tabulated. The issue is visually depicted through these graphs. Figures 2-5 present 
concentration, temperature, and velocity illustrations for diverse values of magnetic para- 
meter, Weissenberg number, Lewis number, and Marangoni ratio parameters. This results in 
an increase in thickness of thermal boundary layer. Figures 2-5 depict the characteristics of 
Wedge angle parameter (B1), represented as y, which cause a decrease in velocity profiles and a 
reverse trend in temperature and concentration profiles. Figures 4-5 show the temperature and 
concentration profiles exhibit a decreasing trend with increasing € in the flow of Carreau 
nanofluid. Table 1 shows values for Cix, Nux, and Sh, with varying parameters. Increasing M 
decreases these values. B1 increase results in thinner boundary layers and lower skin-friction 
coefficient andNu,. A rise in € reduces Sh, and Nuy, but increases Sherwood number. 


Table 1. Values of Cø, Nux, and Sh, for different parameters. 


Parameters Cr Nux Shy 

M B1 = 

0.5 0.5 0.3 0.25237 1.1477 0.89977 

0.8 0.5 0.3 0.25186 1.14714 0.8994 

1.1 0.5 0.3 0.25137 1.14662 0.89905 
(continued ) 
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Table 1. Continued 

Parameters 

1.4 0.5 0.3 
0.5 0.5 0.3 
0.5 0.6 0.3 
0.5 0.7 0.3 
0.5 0.8 0.3 
0.5 0.5 0.3 
0.5 0.5 0.5 
0.5 0.5 0.7 
0.5 0.5 0.9 


M=0.5, n= 0.6, W, =2.0, F=0.5,r=2.5 
Nt=0.1, Nb=0.1, Gy =1.1, Lẹ = 1.0. 


B1= 0.5,0.6,0.7,0.8. 


R=2.0, M=0.5, n= 0. 
VO= 0.1, Bts 0.5, C1204, Pre 1092.5 
Nt=0.1, Nb=0.1, 8y =1.1,Le = 1.0 


o4 £ = 0.3,0.5,0.7,0.9. 


(c) 


Vo = 0.4, £= 0.3, © =0.1, Pr= 1.0, R= 2.0, 


Che 


0.25091 
0.25184 
0.25078 
0.24985 
0.24904 
0.25329 
0.25242 
0.25122 
0.25035 


Nux Shy 

1.14614 0.89783 
1.14712 0.89939 
1.146 0.89864 
1.14504 0.89799 
1.14419 0.89742 
1.1472 0.89944 
1.06008 0.90928 
0.98468 0.91762 
0.91916 0.92497 


vo = 0.1, = 0.3, C, = 0.1, Pr=1.0, R= 2.0, 
M=0.5, n= 0.6, Wy =2.0, 2 =0.5, r= 2.5 
Ni=0.1, Nb=0.1, a, 1.4, Le = 1.0. 


BA1~ 0.5,0.6,0.7,0.8. 


— 


R=2.0, M=0.5, n= 0.6, W, = 2.0, 6=0.5, 
VO = 0.1, Bis 0.5, C1204, Pre 10r e 2.5 
Nte O41, ND» 0.1, 8y =1.1,Le = 1.0. 


a 


£ = 0.3,0.5,0.7,0.9. 


(d) 


Figure 2. Temperature profiles featuring (B1), Concentration profiles featuring (B1), Concentration 
profiles featuring (€) & Temperature profiles featuring (&). 


6 CONCLUSION 


This study looks at how Marangoni and slip effects impact heat and mass transfer in a 
Carreau nanofluid flowing over a wedge. We used the FEM to solve the governing equations 
for momentum, temperature, and concentration. Our analysis showed that temperature and 
concentration decrease as € increases, while Cy and Nu, decrease with higher M values. 
Increasing B1 values lead to lower Nux and Shy. All three parameters decline as the other 


parameters increase. 
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ABSTRACT: This paper discusses the decline of honeybee populations due to Colony 
Collapse Disorder (CCD) and presents a review of advanced beehive monitoring systems. It 
introduces a system that uses temperature and humidity sensors, hive weight, and a micro- 
phone module for real-time data transfer to an Arduino Cloud-based platform. The system 
also highlights the importance of honeybees in global agriculture and uses bee counting 
techniques for hive entrance. The paper also explores an embedded data acquisition system 
for automated beehive monitoring, measuring temperature, humidity, and hive weight. The 
system uses machine learning to provide nuanced insights into hive health for beekeepers. 
The paper concludes with an embedded data acquisition system for automated monitoring 
and an ESP32-controlled counting system for precise monitoring. 


Keywords: Colony Collapse Disorder (CCD), beehive monitoring, Arduino, machine 
learning, bee counting, ESP32 


1 INTRODUCTION 


In addition to disease, pesticide exposure, habitat loss, and colony collapse disorder (CCD), 
beekeeping faces many difficulties. Weakening of colonies has resulted from habitat loss and 
fragmentation brought on by deforestation, urbanisation, and agricultural growth. Bee 
mortality and increased susceptibility to disease have been linked to pesticide exposure, 
which is a result of the widespread use of pesticides. Pandemics brought on by viruses and 
the world trade in bee products can also wipe out entire bee colonies. Food security and 
agricultural pollination services are seriously threatened by CCD, which is typified by the 
abrupt extinction of worker bees. Bee foraging behaviour and ecosystem dynamics may be 
affected by climate change, which is fueled by rising temperatures and extreme weather. 
Sustainably managing land use, minimising pesticide use, protecting habitat, and funding 
studies and surveillance on bee health are all necessary to meet these issues. Beekeepers can 
evaluate the health of their hives, spot stressors, and take prompt action with the aid of 
sophisticated sensors and modules found in honeybee monitoring systems. 


2 RELATED WORK 


Smart metering systems and energy monitoring technologies are revolutionizing energy 
management by providing real-time data on consumption. IoT technologies enable seamless 
data collection and transmission, empowering consumers to monitor usage. Advanced 
metering infrastructure addresses electricity theft, while IoT-based monitoring devices pro- 
vide fault indication and remote access. Cloud-based energy tracking systems promote 
energy conservation and cost efficiency. These technologies offer diverse applications and 
benefits, enhancing consumer awareness and mitigating energy-related challenges. 
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3 PRINCIPLE AND WORKING 


A beehive monitoring system, controlled by an ESP32, uses temperature, weight, sound 
sensors, and a counting system to collect real-time data. The Arduino Cloud facilitates 
remote monitoring, allowing beekeepers to assess hive conditions and improve colony 
health. The system will be deployed in bee hive boxes across an agricultural area, processing 
data at a central hub. The data will be stored, analyzed, and accessed remotely through a 
secure web interface or mobile application. The system features machine learning algorithms 
for predictive honey yield analysis. 


4 BLOCK DIAGRAM 
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Figure 1. Block diagram. 


The proposed system (Figure 1) uses IoT sensors to monitor bee hive boxes in an agricultural 
area. These sensors measure weight and environmental parameters, transmitting data via 
wireless protocols to a central hub. The data is processed and stored on a cloud-based 
platform for beekeepers and farmers. The platform provides dashboards and graphs for easy 
interpretation. Machine learning algorithms are used for predictive analysis, predicting 
honey yields. Remote hive management features and robust security measures are imple- 
mented. Periodic data analytics reveal trends and patterns, providing insights for informed 
decision-making to improve honey production and bee colony health. 
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Figure 2. Flow diagram for hive weigh: Precision beehive honey track. 
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Figure 2 introduces a range of additional parameters, including bee movement, bee count, 
and hive sound, which significantly enhance the predictive capacity of the system for asses- 
sing hive status and bee activity. The IoT system is a revolutionary tool for modern hive 
management, combining technology, real-time monitoring, and data-driven insights to 
promote sustainable practices. It measures bee movement, bee count, and acoustic signals, 
providing valuable insights into hive health and activity. This technology empowers bee- 
keepers to make informed decisions, optimize management practices, and mitigate risks to 
bee populations, ultimately contributing to the preservation of bee populations and the 
sustainability of agricultural ecosystems worldwide. 


5 PROPOSED METHOD 


Honeybee monitoring systems are essential tools for beekeepers and researchers. They con- 
sist of load cells, microphone sensors, DTH sensors, and IR sensors. These components 
work together to gather data, calibrate the honeycomb, track bee activity, and calculate the 
temperature and humidity of the beehive. The collected data is then transmitted to a central 
hub via wireless communication protocols. The data is processed, calibrated, and adjusted 
for factors like hive material variations and environmental conditions. The data is stored, 
analyzed, and accessed remotely by beekeepers and farmers through a web interface. The 
system provides user-friendly dashboards and graphs for visualizing collected data, allowing 
beekeepers to monitor hive weights and receive alerts for abnormal conditions. Machine 
learning algorithms can also be employed to predict honey yields based on historical data 
and weather conditions, optimizing hive management. 


6 RESULT AND OUTPUT 


The beehive monitoring system provides real-time data on bee count, temperature, humidity, 
weight, and sound levels within the hive. 


6.1 Cloud dashboard with the data of the hive 
Arduino-based monitoring systems with cloud platforms offers beekeepers valuable insights 
into hive conditions and bee behavior (Figure 3). The transmission of temperature, humidity, 


count, and weight data to the cloud enables real-time analysis and visualization, empowering 
beekeepers to make informed decisions promptly. 
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Figure 3. Arduino cloud dashboard. 
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Temperature and humidity readings provide crucial environmental data, aiding in the 
detection of potential issues affecting hive health. Count data offers insights into hive activity 
patterns, facilitating the identification of anomalies or changes in behavior. Meanwhile, 
weight measurements help assess hive health, honey production, and the likelihood of colony 
collapse disorder or swarming events. 


Figure 4. Graph of sum count of bee entering the hive box. 


6.2 Plotting of bee count moving outside hive box 


If there is a count drop, the sudden decrease in the number of bees exiting the hive serves as a 
crucial indicator for predicting swarming in honey bee colonies. Swarming, a natural 
reproductive behavior, poses challenges for beekeepers as it can lead to the loss of bees and 
disruption in honey production. By closely monitoring hive activity and establishing a 
baseline for normal bee traffic, beekeepers can detect deviations that signal potential 
swarming events. Sudden drops in bee count, particularly when compared to established 
activity patterns, indicate that a swarm may have occurred or is imminent. This decline in 
hive activity often accompanies pre-swarming behaviors, such as increased queen cell pro- 
duction and heightened agitation among bees (Figures 5 and 4). 


Figure 5. Graph of sum count of bee exiting the hive box. 


Sound analysis in honey bee monitoring systems can enhance hive management by 
detecting swarming events and abnormal buzzing patterns. It also helps monitor brood 
activity, hive status, and honey bee behavior, supporting sustainable practices and colony 
conservation. Weight sensors monitor hive weight, honey production, and optimal 
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harvesting times. A healthy hive maintains a stable weight, detecting abnormal weight loss. 
Temperature sensors help maintain the ideal temperature range for brood development, 
ensuring bees stay comfortable during extreme weather conditions. Proper humidity levels 
are crucial for the health and development of bee broods, detecting excessive moisture or 
dryness, and preventing mold and fungal growth. These systems help beekeepers manage 
hive conditions effectively and maintain a healthy colony. 


Table 1. Change in hive temperature with count and external temperature. 


Count External Temperature HiveTemperature Hive Humidity 
Increase Decrease Increase Decrease 
Decrease Decrease Decrease Increase 
Increase Increase Increase Decrease 
Decrease Increase Increase Decrease 


Temperature variations can have a significant impact on a bee colony’s health. Bees are 
extremely sensitive to temperature fluctuations, which can cause the temperature in the hive 
box to rise or fall, as shown in Table 1. These variations can also have an impact on hive 
ventilation, which is critical for controlling humidity and temperature levels. Temperature 
fluctuations can also have an impact on brood growth, potentially affecting colony health. 
Temperature variations may also affect honey production. To alleviate these effects, bee- 
keepers frequently use shade structures, insulating materials, and strategic hive placement to 
create ideal conditions for the bee colonies. Maintaining a consistent temperature is critical 
to the bee colony’s health and productivity. 


7 CONCLUSION 


The implementation of a beehive monitoring system on a large farm has significantly 
improved the health and productivity of bee colonies. The system uses cutting-edge technology 
and real-time data collection to monitor environmental conditions, hive weight, and activity, 
allowing for early detection of potential health issues. This has led to increased productivity, 
optimized hive management practices, and improved honey production and pollination ser- 
vices. The data collected has also allowed for efficient resource allocation, aligning with sus- 
tainable agricultural practices. The project has also provided educational opportunities for 
farm workers and local communities, raising awareness about pollinator conservation. The 
project is expected to contribute to sustainable agriculture and pollinator conservation. 
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ABSTRACT: The Hostel Gate Monitoring System with Face Recognition project aims to 
enhance security and access control by implementing an advanced face recognition technology 
at entry gates. Traditional methods often rely on manual verification or card-based access, which 
can be susceptible to unauthorized entry. This project addresses these concerns by integrating a 
robust face recognition system. In the rapidly evolving field of security and access control sys- 
tems, the integration of biometric technologies has become increasingly vital. This project pre- 
sents an innovative solution for enhancing gate security through the implementation of a Gate 
Monitoring System (GMS) that utilizes state-of-the-art Face Recognition technology. The 
implementation of Gate Monitoring with Face Recognition not only enhances security but also 
streamlines the access process, making it more convenient for authorized personnel. 


Keywords: Facial Recognition Technology, User-Friendly Interface, Real-time Monitoring 
and Alerts 


1 INTRODUCTION 


In the ever-evolving landscape of security and access control, technological advancements play a 
pivotal role in enhancing the efficiency and reliability of systems. Access control at entry points, 
such as gates, is a critical aspect of securing physical spaces, be it residential complexes, com- 
mercial facilities, or industrial zones. Traditional methods, relying on physical credentials or pass 
codes, often pose challenges related to security vulnerabilities and operational inefficiencies. This 
project focuses on the development and implementation of a Gate Monitoring System using Face 
Recognition, aiming to redefine how we approach access control and security. By harnessing the 
capabilities of advanced facial recognition algorithms, the system promises not only heightened 
security but also a seamless and user-friendly experience for individuals seeking access. 


2 LITERATURE SURVEY 


The paper provides a comprehensive overview of face recognition technology, covering 
various aspects such as its applications in different fields, development stages, related tech- 
nologies, research challenges, evaluation standards, and databases. It starts with an intro- 
duction to the technology and its wide-ranging applications, including access control, 
security, finance, logistics, retail, smartphone, transportation, education, real estate, gov- 
ernment management, entertainment advertising, and network information security. 


3 METHODOLOGY 


The hostel gate monitoring system with face recognition adopts a systematic methodology 
commencing with through requirement analysis involving stakeholders to delineate specific 
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software needs, performance, expectations, and integration requirement. The subsequent 
system design phase encompasses architectural planning, algorithm section, and secure 
database schema design, ensuring the integration of a chosen face recognition algorithm, 
such as Dlib or Open CV with an emphasis on real time processing and accuracy. The 
software implementation includes robust security measures, user friendly interfaces, and 
comprehensive testing, covering functional, performance, and security assessments. Post 
deployment a proactive maintenance plan is established to ensure ongoing system reliability, 
incorporating software updates, system monitoring and issues resolutions (Figure 1). 


Input Image Face Detection Feature Face 
(FD) Extraction (FE) Recognition (FR) 


Figure 1. Flow diagram. 


3.1 Face detection (ED) 


The Hostel Gate Monitoring System utilizing Face Recognition incorporates a sophisticated 
face detection module to enhance security and access control. Leveraging advanced face 
detection algorithms, such as Dlib or OpenCV, the system can accurately identify and locate 
faces in real-time as individuals approach the hostel gate. This crucial component serves as 
the foundation for subsequent face recognition processes, ensuring that the system can reli- 
ably capture facial features for enrollment, verification, or access requests. The integration of 
robust face detection capabilities enhances the overall efficiency and precision of the mon- 
itoring system, contributing to a seamless and secure experience for both administrators and 
end users (Figure 2). 


Elevate Your Protection with Face Recognition 


Figure 2. Face recognition sample. 


3.2 Feature extraction (FE) 


In the context of a Hostel Gate Monitoring System employing Face Recognition, feature 
extraction plays a pivotal role in enhancing the accuracy and efficiency of facial recognition 
processes. Feature extraction involved capture and isolating key facial characteristics such as 
the arrangement of eyes, nose, and mouth, to create a unique face template for recognition 
identification. Utilizing advanced algorithms like Principal Component Analysis (PCA) the 
system transforms the raw facial data obtained from face detection into a compact and 
distinctive representation. This extracted feature set is then used for enrollment, verification, 
and matching during access requests. The accuracy and robustness of the feature extraction 
process significantly contribute to the overall reliability and security of the Hostel Gate 
Monitoring System, ensuring precise and efficient face recognition for seamless access 
control. 
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3.3 Face recognition (FR) 


In the Hostel Gate Monitoring System employing Face Recognition, the core functionality is 
facing recognition, a sophisticated process that involves identifying and verifying individuals 
based on their facial features. This system utilizes advanced face recognition algorithms, 
such as Dlib or OpenCV, to analyze and compare facial characteristics, including the 
arrangement of eyes, nose, and mouth. During face recognition, the system matches the 
captured facial features with pre-enrolled templates in the database, allowing for accurate 
identification and access control. The implementation of secure face recognition ensures that 
only authorized individuals gain entry, enhancing the overall security of the hostel premises. 
Additionally, real-time processing capabilities contribute to the system’s efficiency, making 
it a reliable and convenient solution for monitoring and controlling access at the hostel gate. 


4 SETUP - KNN ALGORITHM 


One technique for classifying data that can be used for facial recognition is k-Nearest 
Neighbor (KNN). This work describes a pixel classification-based face recognition (FR) 
method. Each pixel in a face represents unique information. As part of recognition process, 
the pixel matrix face image needs to be transformed into a vector before categorization. The 
following is an outline of the modified KNN facial recognition algorithm. 


Create a transposed face vector (1 x MN) by transforming the face matrix’s dimensions (MxN). 
Assign K x MN to each face vector, where K is the total number of training face pictures. 
A single image is represented by each row, and the appropriate pixel position in each 
facial images is indicated by each column. 

e From the testing image matrix, create a face transposed vector that look like the training 
image (1 x MN). 

e Determine the Euclidean distance (d) from each column(i) in the testing image (x) to each 
column (i) in the training image (y) 


de(x,y) = Xi = 1NV(xi — yi 


Classify each row according to the longest column’s shortest distance. 
Determine facial recognition using k closet. 


Begin 
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Dimension 
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Transformation 
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determination 


Identify k-nearest 
neighbor algorithm 
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Face recognition 
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LBP cascade and HAAR- 
cascade face detection (FD) 


Figure 3. Face recognition (FR) flows chart. 
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The video face recognition system implemented an algorithm. The primary workflow 
involved the continuous recognition of faces by periodically capturing images from the 
attached webcam. The captured image underwent pre-processing through face detection 
using the Haar-cascade, chosen for its robustness in identifying faces. Subsequently, the pre- 
processed image was subjected to the proposed face detection method for further refinement. 
This entire sequence was iterated to achieve video-based face recognition. 

The first evaluation used 10-fold cross validation, which also shoes how training and 
testing images were distributed. 

Table | shows that when k was set to 1, KNN showed the maximum accuracy. With respect 
to 295 ORL faces, KNN specially achieved 91.5% accuracy, 78.8% and 70%, respectively. 


Table 1. Average accuracy of different K-Values. 


AVERAGE ACCURACY (%) 
K-VALUE ORL-DATASET Yale face dataset MUCT-dataset 


K=01 90.2 76.7 73.1 
K=03 86.1 74.1 66.5 
K=05 82.1 TAT. 68.2 
K=07 78.4 62.6 66.4 


The MUCT datasets huge size presented difficulties for the system and caused confusion 
in its recognition. The ORL dataset was selected for the next testing phase since it produced 
the best results when k was set to 1. The purpose of the testing phase that followed was to 
evaluate the suggested approach against Eigenface and Fisher face. These experiments were 
carried out to determine whether the suggested techniques for facial recognition in gate 
monitoring could be implemented on low-power CPUs. 


5 CONCLUSION 


In summary, the Gate Monitoring System with Face Recognition offers a sophisticated and 
efficient access control solution. Leveraging advanced facial recognition algorithms, high 
resolution cameras, and a user-friendly interface, the system prioritizes accuracy, security, 
and convenience. Its integration with existing access control systems, coupled with privacy- 
conscious measures, positions it as a versatile and ethically sound solution. As it transitions 
from development to deployment, the system’s scalability and continuous improvement 
mechanisms underscore its adaptability to diverse environments and evolving security needs. 
In essence, the Gate Monitoring System with Face Recognition marks a significant 
advancement in access management, promising enhanced security and streamlined user 
experiences in today’s dynamic and security-conscious landscape. 
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ABSTRACT: Conventional braking systems in vehicles often waste a significant amount of 
energy, leading to excessive heat production during braking maneuvers. In response, regen- 
erative braking has emerged as a solution to reclaim this lost energy. Kinetic Energy Recovery 
Systems (KERS) represent a specialized form of regenerative braking, employing various 
methods to capture and reuse this dissipated energy. KERS functions by converting kinetic 
energy into potential energy, which can later be transformed back into kinetic energy when 
needed. The process of stopping and restarting, especially in congested traffic conditions, 
demands a substantial amount of energy. By integrating a kinetic energy recovery system into 
bicycles, riders can benefit from dual power sources. During braking, energy is typically lost 
due to friction, converting kinetic energy into heat energy, which dissipates into the sur- 
roundings through thermal radiation. Vehicles equipped with KERS can capture a portion of 
this kinetic energy, aiding in the deceleration process. This type of braking effectively stores 
energy within a mechanism rather than allowing it to dissipate. This study aims to explore 
various approaches to energy recovery, utilizing technologies such as flywheels, batteries, and 
supercapacitors. By providing vehicles, particularly electric bikes, with additional power 
sources, these methods aim to enhance their range and operational efficiency. 


Keywords: Batteries, Flywheel, KERS, Regenerative Braking, Super Capacitors, Electric 
bikes, Efficiency 


1 INTRODUCTION 


In the dynamic landscape of sustainable transportation, the integration of regenerative braking 
systems has become a focal point of research and development. Regenerative braking, a 
instrument outlined to diminish vehicle speed by changing over motor vitality into different 
valuable shapes such as electric current or compressed discuss, stands out as a promising 
arrangement. This innovation plays a crucial role in not only improving energy efficiency but 
also in addressing environmental concerns associated with conventional braking systems. 
Recent research has shown a strong interest in Kinetic Energy Recovery Systems (KERS), 
which are designed to recover the moving vehicle’s kinetic energy during braking for future 
use. The purpose and application of the system determine the type of energy storage reservoir 
used, which can range from high voltage batteries to flywheels and hydraulic coupling. 

As vehicular technology evolves, the focus on regenerative braking intensifies, with par- 
ticular attention given to its application in electric and hybrid vehicles. In battery electric 
vehicles, recovered energy is stored in batteries or twin-layer capacitors, showcasing the 
versatility of energy storage options. Control strategies, such as regenerative braking force 
based on fuzzy logic, have been tested and proven effective, optimizing performance across 
various driving cycles. The exploration of Electrical KERS and Mechanical KERS, each 
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with its unique set of advantages and disadvantages, further demonstrates the diversification 
of kinetic energy recovery systems. Electrical systems, though less efficient, offer the flex- 
ibility to store power for longer durations and manipulate torque and RPM output, while 
mechanical systems excel in efficiency but are constrained by storage duration. 

As the pursuit of sustainable transportation extends beyond conventional vehicles, the 
concept of regenerative braking has found its way into the realm of bikes and motorcycles. 
In this context, the project aims to implement Kinetic Energy Recovery Systems specifically 
tailored for motorcycles, utilizing capacitors as the primary energy storage reservoir. The 
endeavour seeks to capture and redirect the kinetic energy traditionally lost as heat during 
braking into capacitors, providing an innovative solution to enhance energy efficiency in 
motorcycle dynamics. This project underscores the importance of addressing energy ineffi- 
ciencies in traditional braking systems and highlights the potential of regenerative braking in 
optimizing the overall efficiency and sustainability of two-wheeled vehicles. In the face of 
increasing environmental consciousness and the need for energy-efficient solutions, the 
exploration of regenerative braking systems emerges as a critical step toward a more sus- 
tainable and eco-friendly future in transportation 


2 LITERATURE REVIEW 


The scene of regenerative braking frameworks and Dynamic Vitality Recuperation Frameworks 
(KERS) is encountering a progressive move, amplifying past the domain of bigger vehicles to 
investigate transformative applications in bikes. While existing literature extensively outlines the 
triumphs of electrical hybrid systems in conventional automobiles, recent research has ventured 
into the nuanced adaptation of these cutting-edge technologies to the distinct dynamics of 
motorcycles. [5]. Within the intricate tapestry of motorbikes, renowned components integral to 
KERS - including the Electric Propulsion Motor/Generator, Power Electronics — Inverter, and 
the Quad Flywheel Storage [3,4] — demand a sophisticated and tailored approach. The chal- 
lenges posed by the inherent constraints of reduced size and weight in motorcycles underscore 
the necessity for fine-tuning these components, representing a pivotal stride towards optimizing 
the performance and efficiency of regenerative braking in the context of two-wheeled vehicles. 
[12]. In this exploration, capacitors emerge as indispensable protagonists, offering an efficient 
means to store electrical energy within the spatial confines of a motorcycle. Their compact size, 
rapid charge and discharge cycles, and contributions to filtering make them a compelling choice 
for the intricate demands of regenerative braking in motorbikes. [1] The literature underscores 
the pivotal role capacitors play not merely as energy storage units but also as elements shaping 
the overall efficiency of regenerative braking systems [4]. Moreover, the adaptation of technol- 
ogy from the high-octane world of motorsports, particularly Formula 1, shines a spotlight on the 
broader applications of regenerative braking. Flywheel-based KERS systems [7], exemplified by 
the Flybrid, have garnered significant attention. Weighing 24 kg with an impressive energy 
capacity of 400 kJ, this system delivers a substantial power boost of 60 kW for 6.67 seconds.[12] 
Despite encountering minor setbacks during the initial testing of various KERS systems in 2008, 
these challenges did not deter the integration of KERS into Formula | [6]. 

The watershed moment arrived in the 2009 F1 championship, witnessing widespread use 
by teams such as Ferrari, BMW, Renault, and McLaren. Vodafone McLaren Mercedes 
secured the inaugural victory with a KERS-equipped car at the Hungarian Grand Prix in 
July 2009, underscoring the reliability and success of KERS technology. This pivotal 
moment not only marked a turning point in motorsports but also served as a testament to the 
adaptability and effectiveness of regenerative braking systems. [1] 

This literature review of my paper covers regenerative braking systems and Kinetic Energy 
Recovery Systems (KERS) in motorcycles, encapsulating a holistic exploration of cutting-edge 
technologies, the adaptability of components, and the broad spectrum of applications. As 
research endeavors continue, the literature points toward a promising future where 
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regenerative braking systems, incorporating insights from motorsports, play a transformative 
role in shaping the landscape of motorbike technology. [4] This continuous investigate envoys 
an energizing time where supportability, development, and high-performance focalize on two 
wheels, promising a worldview move within the world of bikes and clearing the way for a 
sustainable and energy-efficient future within the domain of transportation.[9]. 


3 METHODOLOGY 


3.1 System setup 


The initiation of the project centers on the meticulous assembly and configuration of the gear 
mechanism, which serves as the linchpin for effective energy transmission. This involves a 
comprehensive examination of the components involved, ensuring that each gear, axle, and 
connecting element is precisely aligned. Attention to detail is paramount, as any misalignment 
could compromise the efficiency of energy transfer. A secure and robust connection is estab- 
lished between the braking disk and the 12V DC motor, forming the core infrastructure of the 
energy recovery system. The gear mechanism itself is carefully designed to facilitate seamless 
energy transmission from the braking disk to the motor. [9] Each gear ratio is calibrated to 
optimize the conversion of potential and kinetic energy, creating a well-coordinated system. 
Rigorous testing during this setup phase involves rotating the braking disk under controlled 
conditions to observe the responsiveness of the gear mechanism. Any adjustments required to 
enhance alignment and efficiency are meticulously addressed at this stage. This initial system 
configuration not only serves as the project’s physical foundation, but it also lays the platform 
for following stages of testing and optimization. A well-executed system setup ensures the energy 
recovery system’s dependability and stability, laying the groundwork for the complex interaction 
of mechanical components that will determine the project’s success in harvesting and utilizing 
energy effectively. Energy Conversion and Storage Process Diagram is shown in Figure 1. 


Gear a Motor k| Energy storage 
Transmission controller through braking 
k= 
k 


Input mechanical energy 


Energy storage device 


Figure 1. Energy conversion and storage process diagram. 


3.2 Motor and energy conversion elaboration 


After the meticulous setup of the gear mechanism, the integration of the 12V DC motor takes 
center stage. This crucial step involves establishing a secure connection between the motor and the 
gear mechanism to enable the conversion of mechanical energy into electrical energy. Precision is 
paramount in optimizing the efficiency of this energy transfer process. During this phase, the 
RPM of the motor is systematically measured under various braking conditions, providing 
valuable insights into its performance characteristics. The successful integration of the motor 
forms the linchpin for the subsequent stages of the project, laying the foundation for effective 
energy conversion and utilization. Anatomy of a Formula E Racing Car is shown in Figure 2. 


GEARBOX 
MOTOR mew 


Figure 2. Anatomy of a formula E racing car. 
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3.3 Capacitor integration elaboration 


With the motor seamlessly integrated into the system, the focus shifts to a pivotal phase: the 
integration of a capacitor for efficient energy storage. The capacitor, a fundamental electrical circuit 
element, plays a crucial role in capturing and storing the electrical energy generated by the 12V DC 
motor during braking. Having integrated the capacitor, [12] the project advances to explore energy 
storage options. The key decision lies between direct storage in a battery or using the capacitor as an 
intermediary unit. A careful evaluation of each option’s pros and cons considers factors like effi- 
ciency and practicality. This critical phase sets the direction for storing the accumulated energy 
effectively, influencing the overall efficiency of the energy recovery system. [11]. 


3.4 Discharge and utilization elaboration 


Following capacitor integration, the project proceeds to discharge and utilization. This 
phase involves creating a discharge circuit to release stored energy. Rigorous testing ensures 
efficient usage, powering light sources or low-power devices. This step marks a pivotal move 
towards practically applying the harnessed energy in alignment with project objectives. [10]. 


3.5 Optimization elaboration 


The project shifts to optimization after performance testing. Focused adjustments are made 
to refine the gear mechanism, motor specifications, and energy storage components based on 
testing insights. Iterative fine-tuning aims to achieve optimal efficiency in energy conversion, 
fostering a seamless interplay between mechanical and electrical elements. This phase 
ensures an enhanced, reliable, and efficient energy recovery system. 


Figure 3. Prototype of an electronic motor control system. 


In conclusion, this project has successfully implemented an energy recovery system for 
motorcycles, utilizing a gear mechanism to transmit potential and kinetic energy from the 
braking disk to a 12V DC motor. The integration of a capacitor facilitates efficient energy 
storage, and the exploration of storage options considers direct battery storage and capacitor 
utilization. The discharge and utilization phase involves developing a circuit to release stored 
energy for practical applications. Rigorous performance testing and subsequent optimiza- 
tion ensure the system operates at its peak efficiency. This comprehensive approach marks a 
significant stride towards harnessing braking energy for motorcycles, contributing to sus- 
tainable and energy-efficient transportation solutions. 


4 RESULTS AND DISCUSSION 


The incorporation of a flywheel-based KERS system in motorbikes has proven to enhance 
efficiency, particularly in situations where frequent deceleration occurs. The system effectively 
recovers energy typically lost during braking, outweighing the additional weight with the sig- 
nificant advantage of energy recuperation. The inclusion of a clutch facilitates precise control 
over the system’s activity duration, ensuring optimal energy recovery without posing challenges 
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to the rider. Overall, the KERS system efficiently stores and returns the energy lost during 
braking, providing a substantial boost. This project specifically focuses on the design of a 
flywheel-based KERS system for motorbikes, presenting a hybrid approach incorporating ele- 
ments of both clutch and CVT-based systems. Notably, this hybrid design is anticipated to offer 
a cost-effective alternative compared to traditional CVT-based systems. The project delves into 
the development of effective manufacturing procedures for the KERS components, incorpor- 
ating Finite Element Analysis (FEA) to test and modify components, ensuring their resilience 
under extreme operating conditions. The outcomes of this project serve as a comprehensive 
guide for individuals seeking to fabricate their own KERS system for motorbikes with ease. 


5 CONCLUSION AND FUTURE SCOPE 


This research introduces a novel flywheel-based Kinetic Energy Recovery System (KERS), 
merging clutch and Continuously Variable Transmission (CVT) components to offer a cost- 
effective alternative to conventional CVT-based systems. By leveraging Finite Element Analysis 
(FEA) in manufacturing, robustness is ensured under extreme conditions, providing valuable 
insights for customized KERS production. Through meticulous validation, particularly empha- 
sizing flywheel systems for motorbikes, the study highlights their voltage stability and efficiency 
despite size and cost challenges. The successful integration of flywheel-based KERS in bicycles 
serves as a promising precedent for potential adaptation to motorbikes, promising enhanced 
performance, energy conservation, and extended driving range for electric vehicles. This scholarly 
discourse sets the stage for further refinement and application-specific advancements in energy- 
efficient transportation solutions, contributing to the broader discourse on sustainable mobility. 


REFERENCES 


1] “KERS Bicycle” Mayureh bhoir, Anupraj Shirke, Pratik yadav, International Journal of Engineering 

Research & Technology. ISSN: 2278-0181 vol9. Issue 05, May 2020. 

2] Radhika Kapoor, Compatitive study on various KERS, World congress on Engineering 2013 VOLIUI, 

July 5 UK. 

3] Cibulka, J., Kinetic energy recovery system by means of flywheel energy storage, Advanced Engineering, 

Vol 3 (2009)1, ISSN 1846-5900. 

4] Yaoxing Shang, Xiaochao Liu and Zongxia Jiao, A novel integrated self-powered brake system for 

more electric aircraft, Chinese Journal of Aeronautics, Vol 31(2018), Issue 5 

5] Samuel Wicki and Erik G. Hansen, An innovation systems perspective on flywheel energy storage, 

Journal of Cleaner 

6] Ms. Anita R. Hole, Prof. Saurabh. H. Thakare, and Prof. Yogesh. P. Sushir, Review on Regenerative 

Braking strategy In Electric Vehicle. 

7] Kinetic Energy Recovery System, International Journal of Scientific & Engineering Research, Volume 5, 

Issue 1, January-2014 1860, ISSN 2229-5518 

8] Rathod Nitin Ramrao, JARIIE-ISSN (O)-2395-4396, Vol-3 Issue-5 2017, Kinetic Energy Recovery System 

9] Kevin Ludlum, (June 2013), Optimizing Flywheel Design for use as a Kinetic Energy Recovery System 

for a Bicycle 

[10] Ricardo Chicurel, (2009). A compromise solution for energy recovery in vehicle braking, Energy, 
vol.24, pp. 1029-1034 

[11] Design and implementation of Kinetic Energy Eecovery System (KERS) in bicycle; Nishad 
Kumbhojkar, Kunal Mohite, Anand Kulkarni, Sanket Patil (Department of Mechanical Engineering, 
Sinhgad College of Engineering. Pune, Maharashtra, India); International Journal of Mechanical 
Engineering and Technology (IJMET); Volume 6, Issue 4, April (2015), pp. 101-108 

[12] Pottabattini Naveen, Mamidi Ranga Rao, Novle Krishna, Aashish Ambekar. Monica Naga Sai 
Latchireddy. (January-2014), Kinetic Energy Recovery System; International Journal of Scientific & 
Engineering Research, Volume 5, Issue 1. 

[13] Toyota Hybrid Race Car Wins Tokachi 24-Hour Race; In-Wheel Motors and Supercapacitors. Green 
Car Congress. 2007-07-17. Retrieved 2010-09-17 

[14] Mclaren to work with Freescale on KERS November 12, 2008 


558 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Machine learning and MIMO system-based health monitoring of 
patients with wireless communication for enhanced health 
monitoring 


Abhay Chaturvedi 


Department of Electronics and Communication Engineering, GLA University, Mathura, Uttar Pradesh, 
India 


S. Parameswari 
Department of ECE, Sri Sairam Institute of Technology, West Tambaram, Chennai, Tamilnadu, India 


S. Malathy 
Department of ECE, Karpagam Academy of Higher Education, Echanari, Coimbatore, Tamilnadu, India 


Vrince Vimal 


Computer Science and Engineering, Graphic Era Hill University, Dehradun; Adjunct Professor, Graphic 
Era Deemed to be University, Dehradun, Uttarakhand, India 


M. Prabhu 


Department of Electronics and Communication Engineering, Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences, Saveetha University, Chennai, India 


Isha 
School of Computer Science and Engineering, Lovely Professional University, Punjab, India 


ABSTRACT: In this research work, a novel and unique way is proposed to monitor the 
health by means of advanced technologies that includes wireless communication and machine 
learning. “The system uses multiple-input, multiple-output technology...along with the Internet 
of Things architecture to continuously and remotely measure health status via a number of 
sensors.’ * Trained machine learning models such as ANNs, KNNs, DTs and SVMs over se 
nsor data can successfully predict health changes. Not only the confusion matrix provides a 
better visualization on where particular areas are considered more favorable, but for each 
possible selection of parameters and quantification indicators (based upon accuracy) it would 
determine which is in theory a model that performs “best”. Hence, in order to make perso- 
nalized health monitoring accurate it is important that an individual component level of 
physiology should be understood. - Enables real-time data capture and access by the involved 
healthcare professionals thus improving patient-centered care. I hope that this study will help 
to improve the future of the healthcare system by enabling it to become more personalized and 
predictive, which in turn should improve patient outcomes down the road. 


Keywords: Wireless communication, machine learning, personalized health monitoring, 
predictive healthcare 


1 INTRODUCTION 


The integration of health monitoring with the application of advanced technologies, namely 
MIMO systems, Internet of Things (IoT) and machine learning algorithms have transformed 
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the process. These technologies included the use of sensor networks to capture real-time health 
data and analysis through predictive analytics in the early detection of certain changes in 
people’s health. Now, as the world’s population continues to age and chronic diseases continue 
to rise, early preventive health screening is more important than ever. MIMO technology used 
in WGHS supports simultaneous data transmission from multiple patients. Due to its cap- 
ability of complex data analysis, early intervention is made possible as well. This research seeks 
to accelerate the prediction and prevention engine in healthcare by investigating dynamics 
among these technologies.Combination of aforementioned aspects like environmental health 
monitoring, MIMO technology and machine learning will innovate healthcare. At the where 
IoT Systems are supporting a network with connected devices for data collection and then 
these collected distributed via ICT Technology to Ictpat System Thanks to the MIMO tech- 
nology, communication can be optimized and relevant health parameters can be monitored in 
real-time. Moreover, by using machine learning algorithms such as artificial neural networks, 
k-Nearest Neighbors, decision trees or support vector machines health outcomes could be 
predicted similarly as treatment recommendations can become personal based on previous 
measurements. However, integration of MIMO, wireless communication with machine 
learning approaches in a unified framework would fill that gap which lacks the tracking of 
situations to ensure early prediction and recommendation relevant for making the best inter- 
vention possible according to modern healthcare system demands. 


2 METHODOLOGY 


It also opens up new possibilities around health monitoring with MIMO, IoT and Machine 
Learning. By capturing real-time data we can predict future trends of our health issues for 
early detection and many more. MIMO allows multiple patients to transmit data at same 
times that shorten the total time. IoT systems involve interconnected sensor networks that 
collect data. ANNs, KNNs, DTs and SVM predict health outcomes while also recom- 
mending treatment tailored specifically for each patient. Through the connection of these 
technologies, we aimed to fill this gap in the literature with early prediction research. As 
such, innovative modern healthcare systems that increasingly take differences in patients’ 
microbiome into account will allow for more proactive health screening and intervention. 


Health 
monitoring Sensors Controller 
Cloud storage} Wireless |. MIMO 
transmission 


Figure 1. Block diagram of a health monitoring system. 


2.1 Sensor used in this research 


In our study, we use strategically positioned sensors for complete health analysis (Figure 1). 
Temperature sensor will be useful to monitor the body temp in real time to get insights, 
assess health and detect diseases. Blood pressure: Pressure sensors are used to monitor blood 
pressure in order to collect information and determine the health of a person’s heart. 
Breathing rates are monitored using respiratory rate sensors, while making sure that any 
disruptions in breathing are detected by heart rate sensors. Blood oxygen levels can be 
monitored by oxygen sensors, making them useful for identifying hypoxia. The combination 
of these sensors may provide a comprehensive evaluation of health, including information on 
respiratory and cardiovascular health as well as general prognosis. 
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2.2 Control architecture and working of MIMO 


The CEO of a health monitoring system serves as a liaison managing the transfer of patient data 
to the cloud for analysis. The system utilizes intelligent controllers equipped with computing 
power and communication connections to process sensor data, enabling real-time analytics and 
decision-making. The operator uses a frame connected to each patient’s sensor array, combining 
data from various sensors for analysis. Multiple input multiple output (MIMO) technology 
allows for simultaneous data transfer from multiple patients, improving system efficiency and 
reducing latency. Mathematical equations can express the functions of the controller, processing 
patient data and transmitting it wirelessly to the cloud for analysis and storage. Cloud integra- 
tion enables healthcare professionals to access aggregated health data securely from anywhere. 
The system’s architecture allows for personalized health strategies based on analyzed records 
and identified trends. Wireless communication protocols ensure secure and reliable data trans- 
mission, maintaining the integrity of the health monitoring system. In summary, the CEO 
oversees the integration, analysis, and transfer of patient data to the cloud, enabling healthcare 
professionals to access and utilize valuable health information for improved patient care. 


3 MACHINE LEARNING APPROACH 


The study further constructed an Internet of Things system gathering real-time test data from 
multiple patients to detect health issue as early as possible through machine learning. By utilising 
ANNs to detect complicated patterns in the produced sensor data, ANN was then able predict, 
and make decisions accordingly for better treatments of patient. Additionally, K-Nearest 
Neighbors (KNN) was utilized to predict health alterations using the same patterns as in the 
course training. These algorithms, which use decision trees to capture complex relationships in 
data and generate an interpretable tool you can use to predict how your health will change. 
Powerful classification and regression functions in the form of Support Vector Machines (SVMs) 
endowed with functioning capabilities that could further increase accuracy allowing for early 
detection even in deadly diseases. SVM being able to deal with high dimensional data and 
intricate relationship makes it ideal for multi-dimensional health data which will eventually give 
the healthcare professionals intelligent tools to enable personalized care. 


4 RESULT AND DISCUSSION 


Table 1 presents the first 15 sensor readings on various health parameters for two patients, 
illustrating how they vary which provides information on trends in physiological states. 
Importantly, variations in temperature can be observed, indicating a subtle but repeated 
fluctuation from the mean and within the normal range for both subjects. 


Table 1. Sensor readings. 


Reading Subject Temperature (°C) Pressure (mmHg) Heart Rate (bpm) Oxygen Level (%) 
1 Subject 36.7 120/80 715 98 
2 Subject 2 37.1 122/82 78 97 
3 Subject 36.5 118/78 72 99 
4 Subject 2 37.0 121/80 80 96 
5 Subject 36.8 119/79 77 98 
6 Subject 2 37.2 123/83 75 97 
7 Subject 36.6 120/81 74 98 
8 Subject 2 36.9 122/80 79 96 
9 Subject 36.9 118/77 76 99 
10 Subject 2 37.1 121/82 77 97 
11 Subject 36.7 119/78 78 98 
12 Subject 2 37.0 120/81 81 95 
13 Subject 36.8 120/80 75 97 
14 Subject 2 37.2 121/82 76 96 
15 Subject 36.6 119/79 80 98 


Predicted iabe! Predicted label 


No ves No ves 
Predicted tabet Predicted iabe! 


Figure 2. Evaluate four different machine learning models. 


Secondly, subject 2 seems to have inherently higher temperatures as the temperature is slightly 
more than other values. The blood pressure readings shown in the form of systolic/diastolic take 
a similar stable reading in all readings for each subject. This indicates that they have a steady 
cardiovascular health. Plotting normalized relative heart rate fluctuations showed a subject 
specific pattern in which for most of the time there was a slightly higher heart rate in Subject 2 
compared to Subject 1 That may be a reflection of differing levels of fitness or could be related to 
basic biological differences between the two people. Oxygen levels (which is another key 
respiratory health parameter) are also showing marginal fluctuations within normal range. On 
the other hand, subject 2 always shows slightly lower levels of oxygen comparing with subject 1 
which deserves a more thorough study. The performance indicators in Figure 2 evaluate four 
different machine learning models to predict responses of health: Artificial Neural Network 
(ANN), k-Nearest Neighbors (KNN), Decision Tree (DT) and Support Vector Machine In 
order to make precise predictions, we train the models with sensor data. The best decision tree 
model has an accuracy of 92%. As shown in Figure 2, the decision tree also preformed great at 
minimizing false positives and capturing health changes that were actually relevant. The measure 
F1 score, which combines precision and recall into a single measurement, still demonstrates the 
balanced results of the decision tree model. So these confusion matrices are way to evaluate how 
well the models do at correctly classifying samples. Hence the neural network model predicts 240 
positive and 230 negative samples correctly but produce)30 false negatives and 40 false positives. 
KNN had a higher false negative than ANN. The accuracy of predicting positive and negative 
samples was then highest with the decision tree model. The SVM model between sensitivity and 
specificity balanced in its predictions. The decision tree model seems to perform well in terms of 
both accuracy and capturing health status changes, overall. 


5 CONCLUSION 


In conclusion, our research endeavours to revolutionize health monitoring through the integra- 
tion of advanced technologies, machine learning, and wireless communication. By implementing 
a sophisticated system that combines Multiple Input, Multiple Output (MIMO) technology and 
an Internet of Things (IoT) infrastructure, we have successfully developed a comprehensive 
framework for real-time health monitoring. The utilization of various sensors, including tem- 
perature, pressure, heart rate, and oxygen sensors, allows for a nuanced assessment of patients’ 
physiological states. The machine learning models, including Artificial Neural Networks 
(ANN), k-Nearest Neighbors (KNN), Decision Trees (DT), and Support Vector Machines 
(SVM), have been trained meticulously on diverse sensor data. These models exhibit promising 
performance, with each offering unique strengths in predicting health changes. The confusion 
matrices provide a detailed breakdown of their abilities, shedding light on their capacities to 
accurately classify instances and contribute to early detection. Our findings highlight the sig- 
nificance of individualized health monitoring, recognizing the subtle variations in physiological 
responses among different subjects. The proposed system not only captures real-time data 
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efficiently but also demonstrates the potential to predict health changes proactively. The per- 
formance scores and confusion matrices serve as crucial benchmarks, guiding the selection of the 
most suitable machine learning model based on specific requirements. As we look to the future, 
this research lays the groundwork for personalized and proactive healthcare interventions. The 
integration of cutting-edge technologies not only enhances the accuracy of health predictions but 
also facilitates remote accessibility and collaboration among healthcare professionals. 
Ultimately, our work contributes to the ongoing evolution of healthcare systems, fostering a 
paradigm shift towards preventive and individualized patient care. 
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ABSTRACT: With the rising recurrence and refinement of digital dangers, there is a basic 
requirement for vigorous and proactive online protection measures. This study investigates the 
mix of AI methods for anticipating and identifying digital hacking breaks. Utilizing assorted 
datasets incorporating network logs, client ways of behaving, and framework exercises, we uti- 
lize administered learning calculations for break expectation and unaided strategies for incon- 
sistency identification. Social examination and ongoing observing frameworks are integrated to 
upgrade the accuracy and practicality of danger distinguishing proof. This abstract introduces 
the application of the Gradient Boosting Algorithm (GBA) for malware detection. The growing 
complexity and diversity of malware pose significant challenges to traditional detection methods. 
In response, this study explores the effectiveness of GBA, a powerful machine learning techni- 
que, in identifying and classifying malware samples. By leveraging ensemble learning and 
iterative optimization, GBA enhances the detection accuracy by combining multiple weak 
classifiers into a robust model. The research demonstrates the superior performance of GBA 
compared to conventional approaches, showcasing its ability to effectively discern between 
malicious and benign software with high precision and recall rates. Through experimentation 
and evaluation on real-world datasets, this study elucidates the potential of GBA as a promising 
tool for bolstering cybersecurity defenses against evolving malware threats. 
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1 INTRODUCTION 


In an era marked by escalating cyber threats, the security landscape demands innovative 
solutions to counteract increasingly sophisticated malware. This research delves into the 
intersection of dynamic malware analysis, Software Defined Networks (SDNs), and machine 
learning—a trinity that holds promise for fortifying network defenses. The programmable 
and centralized architecture of SDNs serves as a strategic vantage point, offering heightened 
control and visibility into network activities. This study explores the fusion of dynamic 
malware analysis within SDN frameworks, leveraging the inherent flexibility to proactively 
address evolving cyber threats. The integration of machine learning techniques augments the 
capacity for automated detection and response, providing a dynamic defense mechanism 
against malware infiltrations. Central to this investigation is the creation of isolated envir- 
onments within SDNs, allowing for controlled scrutiny of malicious software behavior 
without compromising the broader network integrity. Through intelligent flow control, SDN 
controllers direct network traffic to designated security inspection points, ensuring meticu- 
lous monitoring of potential threats. Machine learning algorithms, specializing in behavioral 
analysis and anomaly detection, are deployed to scrutinize the nuanced activities of malware 
during execution. By deciphering system calls, file modifications, and network communica- 
tions, these algorithms contribute to a comprehensive understanding of the malware’s modus 
operandi. The amalgamation of SDNs and machine learning equips the security 
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infrastructure with the capability to detect previously unseen malware based on anomalous 
patterns. This research also underscores the importance of integrating threat intelligence 
feeds with SDN controllers, enabling real-time responses to emerging threats. SDN con- 
trollers, acting as orchestrators, dynamically adjust network policies based on the insights 
gleaned from the dynamic malware analysis. Automated responses, such as isolating affected 
devices or blocking malicious traffic, contribute to swift and efficient mitigation strategies. 
Moreover, the proposed framework emphasizes continuous learning, where machine learn- 
ing models are regularly updated with new data to enhance accuracy and adaptability. This 
iterative learning process ensures that the security infrastructure remains resilient in the face 
of evolving malware threats. In summary, this research endeavors to present a cohesive 
framework that capitalizes on the synergies between dynamic malware analysis, SDNs, and 
machine learning. By harnessing the programmability of SDNs and the analytical prowess of 
machine learning, this approach aspires to provide a responsive and adaptive security 
paradigm, capable of real-time detection and mitigation of malware within the dynamic 
landscape of modern networks. Dynamic malware analysis involves the study of the beha- 
vior of malicious software in a controlled environment, typically an isolated system or a 
sandbox, to understand its functionalities, evasion techniques, and potential impact. 
Software Defined Networks (SDNs) offer a programmable and centralized approach to 
network management, allowing for better control and visibility. 


2 RELATED WORK 


Malware has turned into a huge gamble in this day and age. There are various types of 
malware or malevolent projects tracked down on the web. Research shows that malware has 
developed dramatically over the course of the past 10 years, making significant monetary 
misfortunes different associations. Malware is a pernicious program or programming that 
demonstrates incredibly destructive to the client’s PC. The client’s framework can be 
impacted in more than one way. The proposed arrangement utilizes different AI procedures 
to distinguish whether a record downloaded from the web contains malware or not. This 
cycle helps in recognizing that multitude of kinds of malware that can negatively affect the 
client’s framework subsequent to getting tainted. The methodology utilized here will actually 
want to distinguish malware like Adware, Trojan, Secondary passages, Obscure, Multidrop, 
Rbot, Spam, and Ransomware. Vindictive programming is bountiful in a universe of 
countless PC clients, who are continually confronted with these dangers from different 
sources like the web, nearby organizations and compact drives. Malware is possibly low to 
high gamble and can make framework capability erroneously, take information and even 
cause an accident. Malware might be executable or framework library documents as infec- 
tions, worms, Trojans, all pointed toward penetrating the security of the framework and 
compromising client protection. Malware is one of the most widely recognized and extreme 
digital assaults today. Malware contaminates a huge number of gadgets and can play out a 
few pernicious exercises including mining delicate information, scrambling information, 
devastating framework execution, and some more. Thus, malware identification is sig- 
nificant to shield our PCs and cell phones from malware attacks. 


3 PROPOSED METHODOLOGY 


In proposing a high-level network safety framework that uses AI, the emphasis is on tending 
to the limits of conventional strategies and upgrading the general danger recognition and 
reaction capacities. Join numerous AI models, including managed and solo learning calcu- 
lations, to make a crossover approach. This can assist with moderating the restrictions of 
individual models and work on in general exactness. Execute methods to upgrade the 
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strength of AI models against antagonistic assaults. Consistently update models and utilize 
antagonistic preparation techniques to make them stronger to control endeavors. Foster 
robotized reaction systems for quickly tending to recognized dangers.Computerized activ- 
ities, like disengaging compromised frameworks or changing security arrangements, can 
diminish reaction time and break point the effect of safety episodes. 


3.1 Block diagram 
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Figure 1. Block diagram. 


Block diagram of the proposed system is shown in Figure 1. 


3.2 Data collection 


One normal way to deal with information assortment includes utilizing malware archives 
and danger knowledge feeds to gain tests of known malware variations. These examples are 
then broken down to remove elements, for example, record hashes, document credits, 
Programming interface calls, and byte successions, which can be utilized to describe and 
arrange malware conduct. Furthermore, scientists might include dynamic investigation 
methods, for example, sandboxing and imitating, to notice the way of behaving of malware 
tests in controlled conditions. This permits specialists to catch runtime exercises, gather 
harmless programming tests to make a reasonable dataset for preparing and assessment 
purposes. Notwithstanding static record examination, information assortment in malware 
identification frequently including record alterations, library changes, network interchanges, 
and cycle infusions, which can give important bits of knowledge into the capacities and 
expectations of malware examples. 


3.3 Data processing 


Data processing in malware detection involves the systematic analysis and manipulation of 
raw data to extract meaningful insights for identifying and combating malicious software 
threats. This process encompasses various stages, including data cleaning to remove noise 
and inconsistencies, feature extraction to capture relevant characteristics of malware sam- 
ples, and feature engineering to enhance the discriminatory power of extracted features. 
Additionally, data labeling assigns class labels to indicate whether a sample is malicious or 
benign, enabling supervised learning algorithms to train and evaluate effectively. Data 
processing also includes techniques such as data augmentation to increase dataset diversity 
and splitting the data into training, validation, and test sets to assess model performance 
accurately. By carefully processing and preparing the data, cyber-security professionals can 
develop robust detection models capable of accurately identifying and mitigating malware 
threats. 
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3.4 Feature extraction 


Highlight extraction for malware recognition includes the method involved with distin- 
guishing and removing applicable qualities or properties from malware tests to work with 
the discovery and characterization of malevolent programming. These highlights give 
important data about the way of behaving, design, and attributes of malware, empowering 
AI calculations to separate among harmless and malignant records. Highlight extraction 
procedures in malware recognition can differ contingent upon the kind of information being 
dissected, including static record credits, dynamic standards of conduct, and organization 
traffic. Normal highlights extricated from malware tests might incorporate record hashes, 
document size, record type, presence of explicit Programming interface calls, strings, byte 
successions, code construction, and metadata. 


3.5 Model training and model loading in malware detection 


In malware detection, model training refers to the process of training machine learning 
algorithms using labeled datasets to develop detection models capable of distinguishing 
between malicious and benign software. During model training, the algorithm learns the 
underlying patterns and characteristics of malware samples from the input features extracted 
during data processing. This involves feeding the training data into the algorithm, which 
then adjusts its internal parameters through an iterative optimization process to minimize 
the prediction error or loss function. Common machine learning algorithms used for mal- 
ware detection include decision trees, random forests, support vector machines, and neural 
networks. Once the training process is complete and the detection model has achieved 
satisfactory performance on the training dataset, it can be evaluated on separate validation 
and test datasets to assess its generalization ability and effectiveness in detecting unseen 
malware samples. 


3.6 Flowchart 
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Figure 2. Flowchart. 
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3.7 Prediction 


Prediction in malware detection using the Gradient Boosting Algorithm (GBA) involves 
leveraging the trained model to make predictions on whether a given file or sample is mal- 
icious or benign. After the GBA model has been trained on labeled data and optimized to 
minimize prediction errors, it can be applied to new, unseen samples for classification. 
During the prediction process, the features extracted from the input sample are fed into the 
trained GBA model, which then calculates the probability or confidence score that the 
sample belongs to the malicious class. Based on this score, a decision threshold is applied to 
classify the sample as either malicious or benign. GBA’s ability to handle complex datasets 
and capture intricate patterns makes it particularly well-suited for malware detection tasks, 
where distinguishing between malicious and benign software requires robust and accurate 
classification models. By leveraging the predictive power of GBA, cyber-security profes- 
sionals can enhance their capabilities to detect and mitigate malware threats in real-time, 
thereby strengthening the security posture of computer systems and networks. 


4 RESULT AND ANALYSIS 


Table 1. Gradient boosting. 


ALGORITHM ACCURACY PRECISION RECALL 
GRADIENT BOOSTING 99 99 98.5 

SVC 91 90 92 

LSTM 94 94 95 


From the above Table 1, the gradient boosting algorithm gives a lead ahead of the other two 
comparative analyses. The algorithm such as accuracy precision and recall the proposed gra- 
dient boosting algorithm gives a result of 99% accuracy. 99% precision and 98.5% recall. 
Result and Discussion: Overall, the results of this study highlight the potential of the Gradient 
Boosting Algorithm as a powerful tool in the fight against malware. By leveraging its pre- 
dictive capabilities and robust performance, cyber-security professionals can enhance their 
ability to detect, analyze, and mitigate the ever-evolving landscape of malicious software 
threats. Further research and development in this area are warranted to explore new optimi- 
zation techniques, feature engineering approaches, and ensemble learning strategies to further 
improve the effectiveness and efficiency of GBA-based malware detection systems (Figure 3). 
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Figure 3. Performance analysis. 


5 CONCLUSION 
All things considered, the blend of man-made intelligence into network security tends to be a 


momentous method for managing to address the consistently creating scene of computerized 
risks. The advantages introduced by computer-based intelligence advancements are critical, 
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outfitting relationship with updated capacities with regards to risk acknowledgment, pro- 
gressing checking, and adaptable response frameworks. As we investigate the complexities of 
the state-of-the-art electronic environment, obviously a reliance solely on standard organi- 
zation security measures is insufficient. Artificial intelligence adds to an adjustment of 
standpoint, engaging a more proactive and dynamic insurance technique. 
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ABSTRACT: | This article discusses implementing a machine-learning model to classify motor 
faults using its current signature. Rotating electrical machines, like induction motors, are 
important in the electrical industry. It has a simple construction, increased reliability, and easier 
maintenance. Induction motors are prone to numerous faults like stator and rotor faults, rotor 
eccentricity, winding, and bearing faults during their operation. The thing that plays a significant 
role in detecting these incipient motor faults is the motor current. Therefore, for identifying these 
typical machine problems, Motor Current Signature Analysis (MCSA) is thought to be the most 
widely used and reliable fault detection technique. Because the induction machine is nearly 
symmetrical, changes in the flux interaction between the rotor and stator lead to changes to the 
stator’s voltages, current, vibration, and emf. The current signature recorded with the base as 
time is converted to frequency base using the FFT algorithm and different classification models 
were used to classify each fault according to its current signature. 


Keywords: Motor Current, Fault detection, FFT algorithm, Classification model, KNN, 
Random Forest, Ensembling techniques 


1 INTRODUCTION 


Electric motors of the rotating induction variety are frequently employed in a wide range of 
applications, from home appliances to industrial machinery. These motors function according 
to the electromagnetic induction principle, which produces a rotating magnetic field in the 
motor’s stationary stator before inducing current in the rotating rotor. The induced current in 
the rotor creates a magnetic field that combines with the stators to rotate it. One non-invasive 
method for detecting and assessing problems in motors is MCSA. The fault detection and 
monitoring needs improved techniques for reliable performance and improved efficiency. 
Electrical motor health monitoring not only reduces the risk of catastrophic losses but also 
boosts productivity, increases system reliability, and facilitates efficient maintenance. 


2 CHARACTERISTICS OF AN INDUCTION MOTOR 


Three-phase induction motors are commonly utilized in a variety of commercial and industrial 
settings due to their effectiveness, reliability, and durability. These are a few of its salient 
features. Three-phase induction motors operate on the principle called electromagnetic 
induction. The stator has three sets of windings placed 120 degrees apart, energized by a three- 
phase AC supply. The application of three-phase AC voltage to these windings results in the 
rotation of a magnetic field. Another option is a rotor designed like a wound or a squirrel cage. 
The rotor of a squirrel cage motor is comprised of electromagnetic bars that are short-circuited 
by end rings. The rotor windings of wound rotor motors are attached to slip rings. 
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High-efficiency induction motors are well-known, particularly when they are running at or 
close to their rated load. Efficiency normally ranges from 80% to 95%, although it might vary 
depending on design, size, and operating conditions. Power factor correction capacitors can 
help induction motors with their lagging power factor. Three-phase induction motors are easy 
to maintain because of their simple structure, which eliminates the need for commutators or 
brushes. However, regular inspection and lubrication of bearings are necessary for prolonged 
life. These motors are strong, dependable, and able to function in challenging conditions, 
which makes them popular choices for a wide range of industrial machinery applications, such 
as fans, compressors, conveyors, pumps, and other machinery. 


3 MOTOR CURRENT SIGNATURE ANALYSIS 


It relies on the fact that the electrical current drawn by a motor contains valuable informa- 
tion about its mechanical condition. When a motor operates under normal conditions, the 
current waveform exhibits certain characteristic patterns. However, when faults or 
abnormalities occur in the motor or its driven system, they can manifest as changes in the 
current waveform. The instantaneous current values are given by formula (1) 


i(t) = Imax - sin (wt + 6) (1) 


Where i(t) is the instantaneous current at time t, Imax is the peak current amplitude, œ is the 
angular frequency (equal to 27 times the frequency of the AC supply), 0 is the phase angle, 
which depends on the specific configuration of the three-phase system. In a balanced system, 
the three phases are typically 120 degrees out of phase with each other, so the phase angles 0 
would be 0, 120° and 240° for the three phases. 


4 ARCHITECTURE 


MCSA typically involves the use of sensors or current transducers to measure the current 
waveform at different points in the motor’s electrical circuitry. These sensors can be installed 
non-intrusively on the motor’s power supply cables or integrated into motor control systems. 
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Figure 1. Block diagram for the process. 


Figure | represents the architecture of the model. The acquired current waveform data is 
then processed and analyzed using advanced signal processing techniques. This may involve 
methods such as Fourier analysis, wavelet analysis, or time-frequency analysis to extract 
relevant features and identify patterns associated with specific faults or conditions. 
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5 PROPOSED SYSTEM 


We go over our method for using different classification models to classify the motor faults 
with the current data. 


5.1 Data 


The motor current data is collected from the current phases through a power analyzer and is 
stored in a computer for processing. The current data with different motor faults were 
recorded and stored. Here 14 classes of motor conditions were to be classified. Hence motor 
currents for 14 different motor conditions were recorded. The 14 different motor conditions 
include Healthy, bearing damage 1, Bearing damage 2, Impeller Hole 1, Impeller Hole 3, 
Motor Mounting a, Motor Mounting ab, Motot Mounting b, Sand damage 1, Sand damage 
2, Vane defect 1, Vane defect 3, Vane defect 6 and vane outer. 


5.2 Data preprocessing 


The data preprocessing includes removing unnecessary rows and information. In the recor- 
ded data, there were unnecessary rows with the date and time of the recording, channel 
name, and unit. For effective model working, it is important to feed with clean data. Hence 
the date and time rows, channel name, and unit rows were removed. Also, all the 14 classes’ 
current data were merged into a single Dataframe. The classes of the fault were defined with 
the current data itself. Table 1 represents the data after pre-processing. 


Table 1. Current data after preprocessing. 


Timestamp CurrentR CurrentY CurrentB Condition 
0 0 —7.66055 8.41780 6.75918 motor_mounting_a 
1 0.00062 —7.70345 6.75863 8.51787 motor_mounting_a 
2 0.00124 —7.10224 4.25976 10.43790 motor_mounting_a 
3 0.00186 —6.65837 2.18194 12.04156 motor_mounting_a 
4 0.00248 —5.91028 0.51351 12.90139 motor_mounting_a 


5.3. FFT conversion 


The Discrete Fourier Transform (DFT) and its inverse are computed quickly using a 
mathematical method called the Fast Fourier Transform, or FFT for short. A mathematical 
method called the Fourier Transform is used to translate a signal’s time or spatial domain 
into its frequency domain in order to extract the signal’s frequency components. 

In simpler terms, FFT conversion is a method used to analyze the frequency components 
of a signal. It’s widely used in various fields such as image processing, signal processing, 
audio processing, and many others for tasks like filtering, spectral analysis, and feature 
extraction. With respect to large-scale and real-time signal processing applications, FFT’s 
“fast” refers to the speed advantage it provides over the conventional DFT approach. 

The formula for the forward DFT using the FFT algorithm is, 


N-1 =2nipy 
X(k) = X, x(n)" (2) 
Here, X(k) is the kth element of the DFT output sequence, x(n) - nth element of the input 


sequence, N - total number of samples in the input sequence, e - Euler’s number (e+2.71828), 
i - imaginary unit (°=—1), k - frequency bin index (range between 0 and N—1). 
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Figure 2. FFT graph of healthy current. 


Figure 2 represents the FFT graph of Healthy current. It has one huge spike determining 
the frequency of the signal present throughout the data. Figure 3 represents the FFT graph 
of a motor condition called “motor mounting a”. Here the spikes were distributed and show 
many variable spikes in the data. This represents different ranges of frequency spectrum 
present in the data. 
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Figure 3. FFT graph of healthy current. 


Figure 3 represents the FFT graph of a motor condition called “motor mounting ab”. 
Here the spikes were distributed and showed many variable spikes in the data. Since the 
current data corresponds to two mountings a and b the effect of frequency is huge. Figure 3b 
represents the FFT graph of a motor condition called an “Impeller Hole”. Here there were 
huge spikes in the later part of the data. 


Figure 4. FFT graph of healthy current. 
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Figure 4 represent the FFT graph of a motor condition called “Bearing damage” and 
“Vane Defect”. In Bearing damage, the frequency seems to be uniform but not uniform 
compared to Healthy motor current. There were some variable frequencies present along 
with the constant frequency. In the vane defect condition, the frequency spectrum is similar 
compared to the impeller hole. But it differs in the range of frequency where the impeller hole 
has two huge frequency spectrums but the vane defect has one huge and one smaller fre- 
quency spectrum. 


5.4 Model training 


The preprocessed data is trained in several machine-learning models to check which model 
has the highest accuracy in classifying the fault classes. 


5.4.1 KNN 

In supervised learning, K-Nearest Neighbors (K NN) is a simple and accessible categoriza- 
tion technique. It’s a lazy learning algorithm and non-parametric, and it doesn’t learn during 
its training phase. It categorizes new data points according to how similar they are to pre- 
existing data points by storing all of the training data instead. 


5.4.2 Random forest classifier 

One popular and adaptable approach to classification and regression applications is 
Random Forest (RF). Regression and classification tasks of various kinds are frequently 
handled in practice by RF, a strong and reliable machine-learning technique. 


5.4.3 Ensembling techniques 

Ensembling techniques were used to train the model to provide improved results. Boosting 
techniques such as Adaboost, Gradient, and XG boost classifiers were trained. Ensembling 
techniques are powerful methods in machine learning that combine multiple base models to 
improve predictive performance. 


5.5 Model prediction 


The performance of the model predictions was evaluated to ensure their accuracy and 
reliability. 
Below are the results from the trained model for the given data (Table 2). 


Table 2. Model evaluation results. 


S.No. Model Evaluation Accuracy 
1 Logistic Regression 60% 
2 KNN classifier 72% 
3 Random Forest Classifier 88% 
4 Adaboost Classifier 85% 
5 Gradient Boost Classifier 84% 
6 XG Boost 81% 


6 CONCLUSION 
The conclusion of this paper is that different models produced different classification 


accuracies and the Random-Forest model provided the best results. The KNN classifier 
provided moderate accuracy and Logistic regression provided very less accuracy. While 
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using Ensemble techniques it was observed that the higher the data fed to the model while 
training, the better the classification. In the future, the model will be improved with better 
algorithms to access huge datasets that are able to classify even different classes with 
improved precision. 
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ABSTRACT: In the contemporary digital milieu, online meetings have seamlessly woven 
into the intricate tapestry of communication & collaboration, underscored by the exponential 
growth of virtual platforms being used today. This surge has engendered a rich exchange of 
information & knowledge, albeit presenting formidable challenges in today’s comprehension 
and documentation. Leveraging the advancements in generative AI technologies & LLMs, the 
realm of automated summarization and report generation from online meeting transcripts has 
burgeoned. This survey meticulously navigates this landscape, dissecting the methodologies, 
algorithms, and practical applications underpinning insights and synthesizing discussions from 
these transcripts. Through a discerning lens, the survey examines an array of approaches, 
encompassing sophisticated LLM models, intricate deep learning architectures, and generative 
AI, while highlighting endeavors to refine accuracy through context awareness, face recogni- 
tion, voice modulation & sentiment analysis. Furthermore, the paper probes the labyrinthine 
challenges posed by linguistic ambiguities and the intricate management of multifaceted data 
streams, illuminating ongoing research pursuits aimed at overcoming these barriers, thus 
paving the way for a more streamlined and effective framework for online communication and 
collaboration in this fast-growing technological world. 


Keywords: Generative AI, Large Language Models (LLMs), Online meeting summarization, 
Report generation, Natural language processing, Deep learning techniques, Sentiment analysis, 
Voice modulation, Multimodal integration, Privacy concerns, Hierarchical neural networks 


1 INTRODUCTION 


The survey explores the transformative impact of digital communication on professional 
collaboration, particularly focusing on managing information exchanged during online 
meetings. It emphasizes the significance of Large Language Models (LLMs) and Generative 
Artificial Intelligence (AI) in automating report generation and meeting content synthesis. 
By leveraging deep learning and natural language processing, Generative AI, including 
LLMs and pre-trained models, offers effective methods for extracting key information from 
online discussions. Real-world applications demonstrate how Generative AI enhances pro- 
ductivity and decision-making processes, underscoring its importance in optimizing online 
meeting summaries and report production. The advent of Generative AI, including LLMs 
and pre-trained models, signifies a significant shift in today’s digital landscape, revolutio- 
nizing professional collaboration and decision-making processes. As organizations embrace 
remote work and virtual collaboration, the demand for efficient meeting summarization and 
report generation has grown exponentially. Generative AI provides a vital solution by har- 
nessing natural language processing and deep learning techniques to distill actionable 
insights from online conversations, driving productivity and ensuring organizational agility 
in the digital age. Its adoption is not just a choice but a necessity for organizations striving to 
remain competitive and agile amidst the information overload of the modern era. 
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2 RELATED WORK 


2.1 Automatic text summarization 


The field of automatic text summarization has witnessed significant advancements driven by 
pioneering research efforts. Introducing a novel approach to private meeting summarization, 
Reference [1] ensured data confidentiality without compromising summarization quality. 
Further expanding the landscape, hierarchical adaptive segmental network learning was 
proposed [2], showcasing remarkable semantic representation capabilities for abstractive 
meeting summarization. Additionally, Smart-Meeting, an innovative system for automatic 
transcription and summarization of in-person conversations, was presented [3], while 
SummPip, leveraging unsupervised multi-document summarization techniques with sentence 
graph compression, was contributed [4]. 


2.2 Speech recognition and meeting summarization 


In a comprehensive study on the accuracy metrics of automatic speech recognition solutions, 
researchers offered valuable insights for improving transcription accuracy [5]. Similarly, in the 
realm of meeting summarization, researchers explored abstractive approaches using dependency 
graph fusion to generate informative summaries from meeting transcripts [6]. Furthermore, for 
improved extractive meeting summarization, the study [7] suggested combining verbal and 
nonverbal clues, emphasizing the importance of multimodal integration (Figure 1). 


Early 1990s - Emergence of Meeting 
Transcription Tools 


Late 1990s to Early 2000s - Introduction of 
Basic Summarization Techniques 


Mid-2000s to Late 2000s - Advancements 
in Natural Language Processing (NLP) 


2010s - Integration of Machine 
Learning & Deep Learning 


2015s to Present - Rise of Multimodal 
Summarization Approaches 


Figure 1. Timeline. 


2.3 Audiovisual and dialogue summarization 


Pioneering audiovisual summarization using segment similarity graphs, Reference [8] 
enabled the synthesis of cohesive summaries across lecture and meeting contexts. A struc- 
tured approach to summarizing meeting transcripts based on functional segmentation was 
contributed [9], shedding light on the dynamics of meeting interactions. In the field of dia- 
logue summarizing, unsupervised topic modeling techniques for choice summarization in 
spoken meetings were investigated [12], while URAMDS was introduced [11], utilizing 
utterance relations for coherent dialogue summary. 


2.4 Video summarization techniques 


A hierarchical recurrent neural network architecture was proposed for video summarization, 
preserving temporal information in succinct summaries [15]. Video summarization using text 
subjectivity classification was introduced, enriching summaries with subjective dimensions [16]. 
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A multi-level spatiotemporal network for capturing intricate dependencies in video summaries 
was presented [17]. Finally, ACL TA-DA, a dataset tailored for text summarization and gen- 
eration, serving as a foundational resource for model development and evaluation, was con- 
tributed [18]. Analysis of Rouge Scores of Different Methodologies is shown in Table 1. 


Table 1. Analysis of rouge scores of different methodologies. 


Paper Title Methodology Used RI R2 RL 
Private Meeting Summarization Without Differential privacy constraints, fine- 0.75 0.68 0.72 
Performance Loss tuning models 

Abstractive Meeting Summarization via Hierarchical adaptive segmental 0.80 0.76 0.80 
HANSN Learning networks 

SummPip: Unsupervised Multi-Document Sentence graph compression, spectral 0.78 0.72 0.76 
Summarization clustering 

Smart Meeting: Automatic Meeting Hybrid ASR pipeline, weakly 0.82 0.76 0.80 
Transcription supervised pre-training 


Measuring the Accuracy of ASR Solutions YouTube dataset, error metrics analysis 0.85 0.78 0.82 
Abstractive Meeting Summarization Using Dependency graph fusion, abstractive 0.79 0.74 0.77 


DGF summarization 
Focused Meeting Summarization via Unsupervised relation extraction, topic 0.76 0.70 0.74 
Unsupervised RE modeling 


Fusing Verbal and Nonverbal Info for Integration of verbal and nonverbal 0.81 0.75 0.79 
EMS cues 
Audiovisual Summarization of Lectures Segment similarity graph, content-based 0.83 0.77 0.71 


and Meetings summarization 
Summarizing Meeting Transcripts Based Functional segmentation, ILP 0.77 0.71 0.75 
on Segmentation formulation 


3 LITERATURE REVIEW 


The quest for automatic text summarization has spurred a multitude of ingenious methods 
aimed at condensing voluminous information into concise, comprehensible summaries [1]. 
Spearheading a paradigm shift in private meeting summarization, Reference [1] ensures data 
confidentiality while maintaining summarization quality. Their differential privacy con- 
straints represent a groundbreaking approach to safeguarding sensitive information during 
summarization tasks. Akin to this, Reference [2] presents a hierarchical adaptive segmental 
network learning approach for abstractive meeting summarization. This sophisticated model 
exemplifies advancements in semantic understanding, enabling the extraction of salient 
insights from intricate meeting transcripts. Expanding the frontiers of meeting summariza- 
tion, Reference [3] emerges as a transformative solution for automatic transcription and 
summarization of in-person conversations. By seamlessly integrating multimodal inputs, 
Smart-Meeting achieves a holistic understanding of discussions, facilitating the generation of 
nuanced and informative summaries. Additionally, Reference [4] tackles the challenge of 
unsupervised multi-document summarization through innovative sentence graph compres- 
sion techniques. Their approach optimally balances conciseness and informativeness, yield- 
ing summaries rich in contextual significance. In the domain of speech recognition, 
Reference [5] provides a comprehensive examination of the accuracy metrics of automatic 
speech recognition (ASR) systems. Their meticulous analysis furnishes crucial benchmarks 
and insights necessary for enhancing transcription accuracy and system performance. On a 
parallel trajectory, Reference [6] introduces a novel paradigm of abstractive meeting sum- 
marization using dependency graph fusion. By leveraging intricate semantic relationships 
within meeting transcripts, their model encapsulates the essence of discussions with 
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unparalleled depth. Meanwhile, Reference [7] proposes an innovative strategy for fusing 
verbal and nonverbal cues to enhance extractive meeting summarization. Their multifaceted 
approach underscores the importance of integrating diverse modalities for comprehensive 
summarization. In the domain of audiovisual content, Reference [8] introduced a ground- 
breaking approach to audiovisual summarization using segment similarity graphs, enabling 
the identification and synthesis of cohesive summaries across diverse lecture and meeting 
contexts. Concurrently, Reference [9] presents a structured methodology for summarizing 
meeting transcripts based on functional segmentation, shedding light on the intricate 
dynamics of meeting interactions. 

Reference [10] illuminate the domain of surgical video summarization, unraveling multi- 
farious uses, summarization processes, and ad-hoc coordination mechanisms critical for 
efficient knowledge dissemination in surgical settings. In the realm of dialogue summariza- 
tion, Reference [11] pioneers URAMDS, a model that capitalizes on utterance relations to 
distill coherent and informative dialogue summaries. Simultaneously, Reference [12] delves 
into unsupervised topic modeling approaches for decision summarization in spoken meet- 
ings, uncovering underlying decision-making processes through automated summarization 
techniques. 

Across diverse domains, Reference [13] delves into the evaluation of cross-domain text 
summarization techniques, offering valuable insights into performance and generalization 
capabilities. Additionally, Reference [14] explores the nuances of summarizing decisions in 
spoken meetings, shedding light on critical decision points and their contextual significance. 
In the realm of video summarization, Reference [15] proposes a hierarchical recurrent neural 
network architecture, preserving crucial temporal information in succinct video summaries. 
Reference [16] introduces video summarization using text subjectivity classification, enrich- 
ing summaries with subjective dimensions. Concurrently, Reference [17] presents a multi- 
level spatiotemporal network, capturing intricate dependencies in concise video summaries. 
Finally, Reference [18] contributes ACL TA-DA, a dataset tailored for text summarization 
and generation, serving as a cornerstone for model development and evaluation. 


4 LIMITATIONS & FUTURE SCOPE 


Automatic summarization faces challenges in various domains, such as privacy concerns in 
private meeting summarization, scalability issues in video summarization, and subjectivity in 
decision summarization and text classification. Overcoming these limitations requires robust 
privacy-preserving techniques, scalable model architectures, and refined evaluation methods. 

Future research should focus on advanced methodologies like hierarchical recurrent 
neural networks and multimodal fusion for video summarization, integrating user pre- 
ferences for personalized report generation, and refining unsupervised topic modeling for 
decision summarization. Additionally, exploring privacy-preserving methods and con- 
tinuous learning mechanisms will shape a future of improved privacy protection and adap- 
tive summarization capabilities. This progress will lead to automated summarization systems 
that not only decode textual data intricacies but also cater to users’ individual needs, driving 
innovation in natural language processing and machine learning, including deep learning 
and Generative AI with the help of LLMs. 


5 CONCLUSION 


To conclude, this comprehensive survey underscores the multifaceted landscape of text and 
video summarization, highlighting the myriad techniques and methodologies that underpin 
the extraction of salient information from diverse sources efficiently. From abstractive 
meeting summarization to surgical video summarization, the surveyed papers illuminate the 
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rich tapestry of research endeavors focused on distilling complex information into concise, 
detailed, informative summaries. As the field continues to evolve & expand, researchers are 
confronted with a myriad of challenges, including privacy concerns, scalability limitations, 
along with the integration of multimodal information. However, amidst these challenges lie 
immense opportunities for technical innovation and advancement. By embracing sophisti- 
cated & complex techniques such as hierarchical neural networks, multimodal fusion, and 
user-centric approaches, the future of summarization holds promise for more personalized, 
contextually enriched summaries that resonate with users across diverse domains and 
applications. As we chart a course forward, collaboration, innovation, and a steadfast 
commitment to addressing key research challenges will serve as guiding beacons, propelling 
the field of summarization toward new horizons of discovery, innovation & impact. 
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ABSTRACT: Over the next years, there will likely be a growing number of people who 
retire batteries to store energy due to the rapid advancement and broad acceptance of electric 
vehicles (EVs). Advanced DC-DC converters, which include boost, buck, and buck-boost 
configurations, are the main participants in this shift. It is crucial to acknowledge that these 
converters face constraints in output voltages at elevated duty cycles, attributed to heigh- 
tened stresses on components. Consequently, repurposing retired battery packs for energy 
storage systems becomes significant, especially for supporting demand response operations 
in environments with a considerable reliance on renewable energy sources. The exploration 
of integrating retired battery packs into energy-storage systems involves leveraging 
MATLAB/Simulink for simulating the DC-DC converter, focusing on the seamless merging 
of two variable input supplies. Various DC-DC converters designed for electric vehicle 
charging applications are the focus of this study performance examination, offering valuable 
insights into their efficiency, reliability, and applicability within the evolving landscape of 
energy storage and electric vehicle technologies. 


Keywords: Charging Station, Boost converter, Duty cycle, Efficiency, Pulse Width 
Modulation technique 


1 INTRODUCTION 


The advent of switches made of power electronic has ushered in a new era of power electronic 
devices that have found applications across various industries, significantly enhancing current 
technological capabilities. The increasing demand to augment their operational efficiency 
stems from their widespread use in EV, renewable energy sources and light-emitting diode 
(LED) drivers. DC/DC converters can be broadly categorized into Isolated and Non-Isolated 
converters, Bi-directional converters, Voltage level converters, and Power Factor Correction 
Converters, reflecting their diverse applications and roles in advancing technology. 
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2 LITERATURE REVIEW 


In [1-2] recent times multi-input converters have gained significant importance, primarily dri- 
ven by their extensive applications in renewable energy contexts. The limitations with diverse 
power sources can be mitigated through the integration of multiple input type converters. In [3— 
5] the efficiency of harnessing renewable energy has gone for improvements, thanks to 
advancements in power technology tools. Moreover, the variable and factor-dependent nature 
of the output power from renewable sources underscores the need for system hybridization to 
enhance reliability. In this regard, multi-input configurations stand out as the best choice for 
coordinating the use of different types of renewable energy. In [6-8] the utilization of a multi- 
input converter has emerged as a more efficient alternative, capable of replacing multiple single- 
input converters. This method allows for a decrease in the size, cost, and general durability of 
the converter. Multi-input converters exhibit bidirectional operation and generate positive 
outputs. Addressing the key challenges in multi- input converters include a bidirectional intake 
channel for the energy storing system, keeping a steady current, and attaining increased step-up 
capability. In [9-11] notable features of these converters include their high efficacy of voltage 
conversion, dual input sources forpower, the input’s capacity to enable electrical power flow, 
and the input’s ability to maintain a constant current.Investigating the possibility of integrating 
switching capacitors and inductorsinto a variety of DC-DC converters. in, allowing for con- 
trolled adjustments to increase or decrease the output voltage, thereby meeting the escalating 
power demands when the conversion ratio is higher. In, A new category of converters is 
introduced, characterized by high voltage gain and a single switch. 

Charging electric vehicles (EVs) at charging stations places a strain on the electrical grid, cou- 
pled with the use of fossil fuels to initiate effective charging. To address these concerns, the elec- 
tricity source for fast chargers is transitioning towards a hybrid model [12-13]. However, the 
current hybrid charging infrastructure falls short in supporting on-road charging, thereby failing to 
alleviate Concerns about battery life and being overwhelmed by cells. Integrating conventional 
electric vehicle charging power electronics with on-board power generation could be a viable 
option [14]. Here, converters work together to reduce ripple currents by handling input and output 
currents. Higher diodes and capacitors enhance the voltage gain, but they also raise the cost of the 
converter. The design trade-off involves optimizing the balance between enhanced performance 
and associated costs in the pursuit of efficient and effective soft switching properties [15]. 


3 DC-DC CONVERTER LAYOUTS 


3.1 Boost converter 


A boost converter is similar to an input source with a constant current because of the 
inductor that is linked to it. On the flip side, think of the load as a constant voltage source. 
The helicopter’s switching device is used for on/off switching by pulse width modulation. The 
boost converter’s structure and the design parameters related to this converter are broken 
down in Table 1. Expressions (1), (2), (3), and (4) are utilized in the design process of 
determining the inductor (L) and capacitor (C) values for the boost converter. If you share 
these specific expressions, I would be glad to provide explanations or additional information 
based on the equations provided. Vin denotes input voltage, Vout denotes output voltage, IL 
denotes load current, P denotes power, duty cycle (D), switching frequency (fs), Imax 
denotes maximum current, and AVc denotes capacitor voltage. Boost Converter Topology & 
Buck Converter Topology is shown in Figure 1. 
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Rroad = P (3) 
Vout 
= Tea (4) 


Table 1. Buck boost converter parameters. 


Parameters Values 
ò for Step up 89% 

Step down 3% 
Fs 5000 Hz 
Pout 17 Watts 
Vin 220 Volts 
Inductor 1 mH 
C 33 uF 
Ripple of the C, 29.99% 


MOSFET 


Figure 1. a&b. Boost converter topology & buck converter topology. 


3.2 Buck converter 


Stepdown converters, or buck converters, utilize a combination of a switch, diode, inductor, 
and multiple capacitors to efficiently transfer small energy packets. Although these con- 
verters are generally larger and more intricate than their linear regulator counterparts, they 
offer enhanced efficiency. The standard elements of a buck converter include several semi- 
conductors and some kind of energy storage device. Such converters have filters based on 
capacitors to decrease voltage ripple at both the input and the output, also known as the 
load-side and supply-side filters, respectively. There are two different ways that the buck 
converter operates. The inductor current goes through a zero-inductor current period in 
perpetual mode, during which it does not alternate between the ON and OFF states con- 
stantly. On the other hand, in discontinuous mode, the inductor current flows continuously, 
switching the switches ON and OFF state at the given switching frequency. 


_ Vs* DO — D) 
L= pan j 
_ Vs* D* (1 —D) 

C= kV LAV. (6) 
Al, = 0.31, (7) 
z3 Vout 

D=1 ae (8) 
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3.3. Buck — boost converter 


Converters are devices that that are capable of switching between buck and boost states are 
essential to today’s electronic devices. These converters effectively convert an input voltage 
to a lower controlled value when it is higher than the required output voltage that is con- 
stant. They can also regulate a lower input voltage into a greater one, which is useful for 
situations where the input voltage is insufficient to maintain a constant voltage. Where the 
initially high grid voltage is adjusted, and the battery bank is where any excess energy is kept. 
When connected to the grid, the converter enters buck mode, which requires the power 
switch to be in the on position. Table 1 details the buck-boost converter’s design char- 
acteristics, and Figure 3 shows the converter’s basic layout. 


_ Vax T,*D 


na 0.1AL, 0) 
lx D 
 fe* AVo ay 


Figure 2. Buck boost converter topology. 


4 SIMULATION RESULTS 


MATLAB/SIMULINK is a flexible tool used to investigate different DC-DC converter 
topologies, including as boost, buck, and buck-boost settings. We see the pulse generator’s 
period in Figure 3, which shows the switching intervals that cover the DC-DC converter’s on 
and off times. In the meantime, Figure 4 displays a boost converter’s input and output 
voltage profiles. In this particular instance, the converter effectively raises the input voltage 
from 24 volts to 230 volts. Also, a buck converter’s input and output voltages are shown in 
Figure 5, with the former showing 110 volts and the latter 46 volts. Finally, a buck-boost 
converter’s output and input voltage are shown in Figure 6. The input voltage is 220 volts 
and the output voltage is 17 volts. 
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Figure 3. DC-DC converter supplied with switching pulse. 
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Figure 4. A boost converter’s input and output voltage shown against time. 
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Figure 5. Buck converter input and output voltage versus time plot. 
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Figure 6. Buck-boost converter input and output voltage shown against time. 


5 CONCLUSION 


Examining the essential pulse circuit is an important part of investigating the power switch- 
equipped reconfigurable DC-DC converter. The calculated values of inductors and capaci- 
tors form the basis of DC-DC converters. Modulating an effective duty cycle allows one to 
adjust the converter’s efficiency. The characteristics of buck-boost& buck-boost converters 
has combined for the requirements in electric vehicles (EVs) and modify the charging vol- 
tage. A quick charging & discharging systems, lifetime considerations, battery safety 
mechanisms, and selection of the appropriate photovoltaic (PV) system are all essential 
components of DC-DC converter design. 
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ABSTRACT: With increasing energy consumption, advanced technologies are being 
developed to save energy by managing demand through electronic equipment legislation. 
Artificial intelligence, particularly machine learning, is crucial for better energy consumption 
solutions and home energy management systems. Predictive models like support vector 
regression (SVR) and backpropagation artificial neural network (BP-ANN) accurately pre- 
dict energy demand and handle complex data sets. The multi-layered architecture of BP- 
ANN identifies hidden patterns in energy consumption, aiding in forecasting electricity 
supply to meet demand. This approach uses training data on time, equipment requirements, 
intensity, and duration to provide accurate energy-saving solutions. 


Keywords: Energy consumption, Advanced technologies, Energy management, Electronic 
equipment legislation, Artificial intelligence, Machine learning 


1 INTRODUCTION 


Today’s society is impossible without energy, supplied from fossil fuels, renewable sources, 
and nuclear power. Artificial Intelligence (AI) is the primary tool used by Home Energy 
Management Systems to operate data and predictions for optimal household energy con- 
sumption (Dimf et al. 2023) [1]. AI also plays a role in making households and energy 
markets communicate efficiently for variable pricing and maintaining stable energy inven- 
tories (Amer et al. 2023)[11]. AI is utilized in smart grids to orchestrate renewable generation 
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sources, including energy storage and excess energy (Wei et al. 2023) [4]. Energy manage- 
ment performance is enhanced by real-time monitoring and IoT devices (Huang and 
Kaewunruen 2023) [5]. 


2 EXISTING SYSTEM 


Current systems rely on machine learning algorithms, such as Support Vector Machines, 
Artificial Neural Networks, and nearest neighbors. In current systems, Support Vector 
Machines scaling is expensive and complicated. When the datasets outsize scalable limits, the 
approach returns less accurate forecasting methods. Artificial Neural Networks Systems 
parameters are many and many may be redundant; they interpret the models they use 
wrongly. K-Nearest Neighbors treats all features as equal, favoring noise from random 
features and requiring segmentation and dimensionality reduction methods. To develop a 
better system for energy use prediction, a proposed system applies hybrid optimization 
techniques external to the traditional energy forecasting process. The proposed approach 
will improve energy forecasting accuracy for low-energy home appliance-based systems. 


3 PROPOSED SYSTEM 


The system aims to efficiently coordinate domestic obligations for families with minimal 
energy usage through optimization algorithms such as support vector regression and back- 
propagation artificial neural networks. Chief among its objectives is demand direction, 
accomplishing an ideally balanced mixture of electric outputs at reduced expense to offset 
fluctuations in power requirement. Load leveling involves transferring demand from peak to 
off-peak times through various tactics for example peak shaving and trimming consumption. 
As depicted in Figure 1, the proposed system’s distinct components concentrate on antici- 
pating load and forecasting consumption in energy-efficient residential neighborhoods using 
a hybrid strategy combining several optimization methods. The power management system, 
along with the forecasting unit, is installed in smart meters for communication and mon- 
itoring energy use, allowing for innovative ways to reduce energy consumption through load 
scheduling based on building parameters. Smart meters enable two-way communication 
between customers and utility companies for efficient energy management. 


Utility company Smart meter 


Optimization Home energy 
algorithm SVR- management 
ANN system 


Home 
distribution Smart scheduler 


Priority 


In home display scheduling 


Figure 1. Stages in the proposed system. 
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4 IMPLEMENTATION OF THE PROPOSED SYSTEM 


The data collection step is crucial in predicting the energy use of energy-efficient household 
appliances in real-time data analysis. Sensors and smart meters are deployed to collect real-time 
information about energy use, considering factors like eating patterns and weather conditions. 
Data processing involves cleaning and organizing raw data, and feature engineering enhances 
predictive power. Machine learning algorithms are fed with this data, particularly time series 
data for real-time energy consumption analysis. Segmentation of relevant variables and char- 
acteristics is essential for predicting energy consumption patterns. The extensive dataset revealed 
compelling patterns within three delineated classifications for pioneering predictive analytics 
designs. Support vector regression aptly anticipated intricacies where determining interlinkages 
between catalysts and aftereffects develops labyrinthine. Performance was dissected using gauges 
like mean absolute fault and R-squared to assess model fitting. 


Table 1. Sample data. 


Home ID Time in t TV power (W) Laptop power (W) Total power consumption (W) 
001 6.00 AM 50 30 120 
002 8.00 AM 40 40 110 
003 10.00 AM 70 30 120 
004 1.00 PM 60 30 100 
005 3.00 PM 50 40 120 


Table 1 demonstrates the sample data which involves power consumed by various appli- 
ances in residential homes. 

Designing a responsive neural web with backward dissemination for envisioning energy 
application involved inputs, hidden processing layers, and yields. Standardizing inputs acceler- 
ated coaching, while inner layers caught convoluted interdependencies between end clients and 
apparatuses. Activation works like the sigmoid and hyperbolic tangent helped uncover intricate 
examples in the information. Adam’s iterative method was relevant for parameter tuning amid 
practice, maintaining singular learning rates for all energy use factors. This ensured more rapid 
convergence and steadiness in the algorithm. Adam’s iterative methods demonstrated powerful 
for addressing difficulties encountered in energy proficient construction styling. The yield layer in 
the design predicted power usage and applied inverse tasks, with the activation work reliant on 
the nature of the prediction. The system’s resilience was assessed using k-fold cross-validation. 
By integrating the outputs of the responsive neural web and support vector regression through 
an ensemble way, the models’ forecasts were weighted and combined to yield the last result. The 
process involves real-time forecasting of utility energy use, with model parameter adjustments 
and integration of systems and platforms through APIs. Analyzing model performance is cru- 
cial, with tools like Python, TensorFlow, PyTorch, Matlab, Pandas, Numpy, and Scikit-learn 
utilized. GPUs and cloud services are used for hardware acceleration. Implementation of the 
system requires various tools and equipment for effective operation. 


Hidden layer 1 Hidden layer 2 


Input layer 


Figure 2. ANN architecture. 
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Figure 2 demonstrates the architecture of ANN. The input layer is the first stage for 
information processing which involves various relevant features that influence the electricity 
usage in residential areas. 


Table 2. Features for electricity consumption. 


Feature 1 Feature 2 Feature n Electricity usage (W) 
0.19 0.28 0.32 169 
0.28 0.32 0.26 180 
0.18 0.26 0.38 170 
0.17 0.36 0.27 150 


Table 2 demonstrates the dataset with numerous features necessary for electricity 
consumption. 
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residential areas. 


Figures 3a and b demonstrates the performance metrics of the proposed hybrid algorithm 
when compared with the existing system. This shows that the proposed system provides 
improved desired results. 


5 EXPERIMENTAL ANALYSIS 


The performance evaluation of the proposed system is attained through implementation in 
Matlab Simulink. Various electrical appliances are selected for the forecasting of the energy 
consumption. The overlapping of energy consumption happens due to the use of electrical 
energy by various customers at a particular period of time. 

Figure 4(a) Mean consumption- demonstrates the mean consumption of electric power within 
a period. Figure 4(b) demonstrates the peak demand consumption of residential appliances. 
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Figure 4(a). Mean consumption. 
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6 CONCLUSION 


The prediction of home appliance’s electricity usage in low energy consumption houses with 
higher accuracy and reliability is obtained using support vector regression and back- 
propagation artificial neural network models. The electricity consumption patterns and 
energy management in residential buildings are forecasted using the integration of an opti- 
mization algorithm. These techniques are used for complex relationships and help to obtain 
robust performance in electricity consumption in diverse platforms. Thus the integration of 
these algorithms helps to obtain higher accuracy in the prediction of electricity consumption. 
They also help to provide various tools and techniques in demand side management. They 
provide innovative solutions for obtaining adaptive energy solutions. They provide smarter 
ways to attain an eco-friendly environment. 
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ABSTRACT: Because of how quickly modern society is becoming more and more compu- 
terised, cybersecurity is important in every area of life. This is because deliberate or accidental 
changes made to information by outside or inside sources can compromise security and cause 
harm in many areas, including moral, material, financial, reputational, and more. It’s used to 
make a fuzzy neural map of how safe banks are right now. To find out how safe a computer 
network, information security system, or key infrastructure really is, cognitive models have been 
created. There are now scenarios that show how the system would react if the effects of the 
biggest online threats were lessened to their most basic level. Putting the method into practice 
gives us a chance to guess how secure banks are and helps build the systems we need to stop, 
protect, and manage access at the right levels of network infrastructure. 


Keywords: cyber threat, Internet banking, banking information resources, hybrid threat, 
efficiency 


1 INTRODUCTION 


Information systems (IS) are getting more involved, there are more threats that could happen to IS. 
So, to give DS and guess how certain events will go, it’s important to look at how safe the systems 
are that move information (IP) around in IS.You can use statistical analysis, especially the 
correlation-regression method, to figure this out. They also can’t be used with high quality factors. 
Bart Kosco was the first person to talk about making fuzzy cognitive maps (FCM), which is 
something you might want to look into in this case. Being honest, helpful, and simple to under- 
stand are the most important things about FCM. It’s also worth noting how simple it is to make a 
neural map bigger by adding more edges and loops to its graph Bauer S. (2017). It’s important to 
use methods of description and labelling to look at the state of DS service. In order to protect 
information well, you must first list and then organise the different kinds of threats, dangers, risks, 
and challenges, and then come up with a way to handle them It is normal to use the methods of 
casual relationship study to look at the amount of DS support. Which methods are used to look at 
the current state of DS support depend on the amount and area of security. Bauer S. (2017). 
Usually kept separate when it comes to DS Buchanan B. (2020): ordering and keeping 
information resources, control tools, and information safe;Access control, logging and 
tracking, security, safety, Merhi M. (2019) and good information promise are all software 
and hardware features that help identify and authenticate users Management: Salahdine F. 
(2019) keeping an eye on technical, technological, and organisational measures and making 
sure they are coordinated and followed through on;Tech: Cappers B. (2019) DS policies are 
made with the help of modern, automatic IT;-User: putting in place an IS policy to help DS 
items reflect less light and keep information from getting out into the social world; 
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-Information and communication networks: Dzhaparov P. (2020) putting this policy into 
action by making sure that everyone in the DS system works together to reach the same 
goal;-Procedural: steps are taken that the subjects carry out, Hassani H. (2018) such as 
directing staff, keeping things safe, Kiwia D. (2018). keeping up with maintenance, replying 
to security breaches, Han J. (2017) planning repair work, and so on.-There arealso different 
kinds of DS distribution methods: Ijaz S. (2016) Combined highly intelligent techniques and 
technologies with many levels and parts that are based on strong automatic intelligent tools 
and Jasmin M. (2017) organisational. The purpose of this essay is to improve the safety of 
systems that guard information (IP) by creating useful mental models that Kosko B. (1986) 
can be used to check how safe these systems are (Kshetri N. 2021). 


2 RELATED WORK 


The study used a private web poll, practical data protection, and risk management to get 
information from 26 companies Moody G.D. (2018). The study looks into the broad steps, 
pieces of paperwork, contact patterns between stakeholders, types of tools, and collection 
methods that companies use to handle data safety management tasks. Ramachandran M. 
(2016) Different researchers, Sikos L.F. (2019) such are looking into whether the need for 
eXtensible Business Reporting Language (XBRL) changes how buyers think about how 
likely it is that a company will fail in the future Shamala P. (2017) These things to think 
about also affect the steps that are taken in digital manufacturing (DM) that happens online. 
Srinivas J. (2019) Thepurpose of this method is to sort out strange EEG patterns that could 
mean there is an insider threat and to check if the person is fit to work. 


3 METHODOLOGY 


Before bring IoT factories from the scratch this study measure the adoption of cybersecurity 
technology. The current study made use of previously established construct items and new 
items created by cybersecurity professionals. Responders gave company demographic sta- 
tistics and were then screened for whether they were not using protection tools. We polled 
190 randomly chosen UK IT workers in Jan ‘09 specifically seeking knowledgeable infor- 
mation security staff. It was a web survey distributed as a Google Forms link over email, 
then completed via the same link. It is worth noting that 147 responded from the 191 total in 
comes out to about 77% of invitees. It is generally believed that larger samples would provide 
more accurate output. For a list of the managers of the people who answered, see Table 1. 


Table 1. Respondent demographics. 


Option Percentage 
Total Year(s)of operation s 21.94 
6-10 32.5 
11-20 29.8 
21s 15.8 
Types of sectors Business activities 29.4 
Construction 15.5 
Transport, storage, and communication 13.9 
Wholesale and retail trade 12.8 
Health,social and personal services activities 12.4 
Manufactoring 11.3 
Others 5.04 
Number of employes s9 35.7 
10-49 34.90 
50-249 29.4 
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The following table presents the demographic information of all of the individuals who 
took part in the survey in its whole. Table 2 shows the skewness, the kurtosis, the means and 
standard deviations, and the alpha values. The means and standard deviations are also 
broad summary data that show what each variable is. Trialability got the lowest score pos- 
sible, with a mean score of 1.673. As shown by the standard deviation, trialability had the 
lowest standard deviation at 0.563 and seller help had the highest at 2.334. Table 3 shows the 
association values between the study variables. The three variables that aren’t strongly 
linked to safety and performance are IT modularity, observability, and trialability. Other 
variables are strongly linked to these two areas. Except for internal processes, these factors 
are things like finances, customers, and learning. All of the variables, with the exception of 
trialability, are significantly connected with regard to the internal processes. 


Table 2. Find the centre and spread figures for a research variable. 


Std Skewness 
Variable Mean Deviation Statistic 
Coripatibility 4.007 2.012 0.067 
P.usefulness 4.102 1.992 0.047 
P.ease of use 4.122 1.809 0.103 
Observability 2.082 0.864 0.745 
Trainability 1.673 0.563 -0.136 
IT modularity 2.156 0.919 0.434 
Organizational flexibility 3.728 2.241 -0.039 


Table 3. Research variable correlation coefficients. 


Variable Cybersecurity Finance Cuscomer Learning Processes 
Compatibility 0.848** 0.734** 0.774** 0.760**  0.777** 
P.usefulness 0.863** 0.749** 0.792** 0.812**  0.742** 


P.ease of use 0.842** 0.717**  0.749** 0.760**  0.723** 


If the shared variance between a construct and any other construct is less than the shared 
variance between the construct and its markers, Hair et al. (2010) say that the construct is 
discriminately valid. When the AVE estimate of a construct is consistently higher than the 
Squared Inter-constructCorrelation (SIC) estimate, separate validity can be maintained. The 
AVE estimate for each construct in this study is higher than the SIC estimate. This means 
that each construct has discriminating validity. 


4 RESULTS AND DISCUSSIOONS 


Consideration is given by the authors to the manner in which the state of the system will 
evolve in response to the greatest possible growth in the value of the notion F3 malware. 
The majority of the time, this occurs when a user downloads things from sources that 
cannot be checked, such as portable media or websites, or when they open a questionable 
file that they get in an email without giving it considerable attention. In addition, there are 
more hazardous harmful programmes that have their own “reproduction” methods. As a 
consequence of the maximum rise in the value of the effect of dangerous programmes 
(Figure 1). 
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Figure 1. Scenario showing system reaction to F3 worst changes malware. 


The things are kept up to date, that reliable security software be used, that backups be made 
and stored offline on the hard drive, and that other safety measures be taken to avoid or lessen 
the damage that malware can do. The writers make a case model that shows how the system 
would change if an attacker physically affected the network. This is what makes idea F4 the 
most useful. Affected by the idea F4, which says that an enemy can physically damage the 
network. As shown in Figure 2, the writers look at how these ideas have changed over time. 
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Figure 2. Scenario showing system reaction to F4 worst changes malware. 


Essential that particular attention be devoted to the strengthening of the physical means that 
enable the resolution of issues with the security of territory, buildings, and equipment, as well as 
the execution of regulated access to these areas. The authors investigate the possibility of altera- 
tions to ideas at the point when the negative effect of concept F7 begins to rise to its maximum 
level. This includes unintended acts and errors made by network users on the network. “F7” is the 
idea. Users of the network may have a direct impact on the ideas F3 via their inadvertent 
activities and incorrect actions. Malicious software, F6. Information that has been disclosed by a 
user, user F8. The fault tolerance of both the hardware and the software, reliability, and F9. CN 
protection and had a secondary effect on the idea of F10. In Figure 3, the authors take into 
consideration the relative shifts that have occurred in the values of these concepts. 
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Figure 3. Scenario showing system reaction to F7 worst changes malware. 
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The resulting bar chart shows that the above steps will cause the values of ideas like F3 
(malware) and F6 (user exposure of information) to rise by 0.07% and 0.08 respectively. 


5 CONCLUSIONS 


With the help of the infrastructure status tracking function, you can keep an eye on how 
CPU, RAM, and HDD resources are being used. Methods of accessing data and the success 
of production processes can also be looked at, as well as risk and impact estimates. In order 
to protect financial institutions during lockdowns caused by the pandemic, the border was 
moved to users’ houses. Because of this, the standards for computer security had to be 
expanded and made stronger. It is planned that the government will give banks methodical 
help on how to make online banking, online card transactions, mobile apps, and robots for 
messengers safer. In particular, these suggestions are going to be made by the agency. They 
need to be able to spot the real risks of hacks and stop them. It will help if we use the best 
ideas from around the world, make business processes better, work together, and use new 
technology. There are theories of how we think. 
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ABSTRACT: This paper presents an application that integrates voice commands, object 
identification and effective communication. Users can easily engage through voice instruc- 
tions, for management. The inclusion of object recognition enhances the aspect making the 
application versatile. The communication functions are user enabling voice enabled calls and 
messaging. This application combines voice commands with object recognition to transform 
the user experience for requirements. It represents an advancement in interface design 
highlighting inclusivity and flexibility, in the technological environment. 


Keywords: object recognition, machine learning, Artificial Intelligence, Voice command 


1 INTRODUCTION 


Our new project introduces a cutting edge voice controlled app designed specifically for 
people, with impairments. This innovative system incorporates technologies like real time 
object detection, voice recognition and smooth navigation features using the Google Maps 
API. Our main aim is to improve accessibility and support living by offering a to use 
interface tailored to the unique requirements of visually impaired individuals. Through 
design systematic implementation and thorough testing our project seeks to showcase the 
impact of this assistive technology. By closing the accessibility divide and empowering users 
with natural voice commands, precise object identification and personalized navigation 
support our system marks a step in creating inclusive digital solutions for those with visual 
impairments. This paper delves into the projects structure, key components, implementation 
methods and user focused advantages in detail underscoring its potential to boost accessi- 
bility and promote inclusivity, in today’s tech landscape. 


2 RELATED WORK 


Suresh, S., et al. [1] identified the challenges that individuals with total visual impairment 
face when running errands such as navigating, identifying objects, and reading. Because of 
its affordability and ease of integration, they suggested an assistive innovation that uses a 
Raspberry Pi. Their goal is to promote independence for those who are physically disabled. 
Danish Asad Khan et al. [2] presented a creative solution that integrates deep learning, 
conventional language processing, and Internet of Things innovations for the community of 
people with disabilities. To increase route capacity, their clever stick combines a camera, an 
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ultrasonic sensor, and a Raspberry Pi. The camera takes images for text recognition using 
the EAST model and Tesseract OCR motor, and the ultrasonic sensor detects obstacles 
within a 1.5-meter range and sounds an alert. After then, the read material is transformed 
into insightful critique, providing customers with important natural information. 
Norhafizah bt Aripin, et al. [3] developed an Android voice-order framework to assist 
elderly and disabled individuals in their homes. Through the use of Google’s voice recog- 
nition and an Arduino Uno equipped with a Bluetooth module, they enabled voice control 
over household appliances such as fans and lights, thereby increasing customer comfort and 
accessibility.Renju Rachel Varghese, et al. [4], presented Explore, a creative framework for 
assistance that was discovered during the 2017 Global Meeting of Aviation Innovation, 
Communication, and Gadgets. Explore engages persons who are physically disabled by 
providing them with consistent and independent mobility within indoor areas. It does this by 
using RFID labels to provide precise indoor routes and high level discourse acknowledgment 
for natural orders. V.N.Vaishnavi, et al. [5], presented an Integrated AI Framework 
designed to manage path challenges for the physically weak. Their system provides con- 
siderable assistance for free route across various conditions by using an Android cell phone’s 
camera for distance estimation and ongoing article ID. 


3 PROPOSED SYSTEM 


The suggested system smoothly integrates object identification, communication functions, 
and voice-activated instructions, ushering in a new era of user-centric technology. Precision 
and clarity are given priority on this single platform, which makes it easy for users to navi- 
gate and issue commands through an advanced speech recognition system with clearly 
spoken words. With the use of natural movements and visual clues, advanced object detec- 
tion technology enhances visual recognition to provide hands-free communication. This 
perfect synergy promises a genuinely transformational user experience with flexible and 
visually aided interfaces. Our technology automatically adapts to individual preferences and 
requirements, not just fostering inclusivity across varied user needs but also streamlining 
routine chores. Whether using gesture-based controls or precise voice instructions, users of 
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Figure 1. System architecture. 
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different abilities can interact with the system with ease, removing barriers and fostering a 
more inclusive digital world. By anticipating and satisfying changing user demands, this 
inclusive design promises a revolutionary digital experience that raises the bar for intuitive 
technology. 


4 SYSTEM ARCHITECTURE 

Figure 1 shows flowchart that shows the steps for a system to obtain obstacle data. The 
system first checks if the device is working. If it is, the system retrieves obstacle data within a 
50-meter radius. The data is then processed and matched with a database to identify any 


obstacles. If an obstacle is found, the system identifies and reports the obstacle’s name. If no 
obstacle is found, the process stops. Use case Diagram shows the Figure 2. 


5 RESULTS 
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Figure 2. Use case diagram. 
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6 CONCLUSION 


With the ever-changing state of technology, this application represents a major break- 
through in user-tech interaction. It radically changes how people interact with technology by 
fusing state-of-the-art technologies like voice commands, object identification, and seamless 
communication into a single platform. Breaking down conventional barriers and guaran- 
teeing inclusivity for all users, it provides hands-free calls, texting, and straightforward 
contact management to meet a wide range of user needs. Its distinctiveness comes from 
combining several technologies to reinterpret technology’s function with the goal of 
improving user experiences and facilitating inclusive, efficient, and intuitive interactions. 
This software offers cutting-edge experiences and pushes limits to create a new era of human- 
tech connection, heralding a future in which technology seamlessly becomes part of users’ 
daily lives.Our technology not only makes daily activities easier, but it also promotes 
inclusivity by easily accommodating a wide range of user demands and preferences. Users of 
different abilities may interact with the system with ease, regardless of whether they utilise 
gesture-based controls or precise voice commands. This reduces boundaries and makes the 
digital world more accessible. With its inclusive design, which promises a revolutionary 
digital experience that anticipates and satisfies changing user needs, it raises the bar for 
intuitive technology. 
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ABSTRACT: In this imagined scenario, we propose a system for detecting clouds using a 
RADAR sensor and a Raspberry Pi microcontroller. The system scans the sky, identifies 
clouds, and generates light alerts. However, it shows lower accuracy and operates poorly in 
bright and clear conditions. This system could potentially increase accidents and is con- 
sidered for integration into aircraft entertainment systems or smartphone games. This con- 
cept widens the gap between safety and technology, leading to potential damage and injuries 
due to marked clouds in the skies. 


Keywords: LiDAR, alert, Arduino UNO, Microcontroller, Low light Conditions 


1 INTRODUCTION 


According to a 2019 study by the Ministry of Road Transport of India, speed breakers are 
alarmingly responsible for 30 accidents per day, resulting in the loss of nine lives daily. These 
innocuous road features pose a significant threat to both vehicles and passengers. The 2019 
Indian Road Accidents Report further highlights that faulty road infrastructure contributes 
to over 2,800 deaths and 9,900 accidents. In adverse weather conditions such as fog and mist, 
drivers face additional challenges. Reduced visibility impairs their ability to spot speed 
breakers ahead. On highways, where vehicles often travel at an average speed of 60 km 
(about 37.28 mi)/h, failing to perceive a speed breaker can lead to severe consequences. The 
sudden impact can cause the automobile to jerk violently, potentially damaging the vehicle 
and endangering passengers. Injuries such as back pain and skull trauma may result from 
these unexpected encounters with unmarked speed breakers. 


2 LITERATURE SURVEY 


In Paper [1] discusses speed breaker detection using a Zed stereo camera and Nvidia GPU, but 
faces cost and lighting issues. Paper [2] uses image processing for detection, effective under 
good lighting but struggles with unmarked bumps and poor illumination. Both studies 
underscore the need for robust, adaptable algorithms. Paper [3] discusses a system that uses 
GPS and an accelerometer for speed breaker detection. The system monitors vehicle move- 
ment, marking GPS coordinates when a sudden acceleration spike indicates a speed breaker. 
Papers [4] and [6] discuss using radar technology for monitoring road conditions and detecting 
speed breakers. Paper [4] uses a 24-GHz Automotive Radar, while Paper [6] employs MEMS 
resonators. These methods excel in adverse weather, outperforming traditional vision-based 
systems. By using electromagnetic waves, they provide reliable data even through atmospheric 
obscurants. Paper [5] discusses using three cameras and the YOLO V4 algorithm for road 
condition and speed breaker detection, providing a comprehensive road view. Paper [7] 
explores LiDAR technology for object classification and road condition recognition, gen- 
erating 3D point clouds for accurate models and performing well in low-light conditions. 
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Paper [8] discusses using LiDAR in complex environments like urban and vegetated areas. It 
addresses the ‘loop closure’ issue, common when LiDAR revisits mapped areas. By separately 
managing loop closures in XY and Z planes, it aims to reduce ghosting and altitude errors, 
improving map accuracy. Paper [9] discusses using a 2D LiDAR sensor for compact micro- 
mobility devices like e-scooters. The goal is to incorporate object detection and tracking 
without affecting design or functionality. While cost-effective and space-efficient, the 2D 
LiDAR sensor has limitations in data density and vertical field of view, potentially affecting 
performance. Paper [10] introduces a novel radar system for detecting vulnerable road users. 
Paper [11] explores how driving support systems can enhance road safety, focusing on hump 
detection. Paper [12] proposes a cost-effective alternative to 3D Lidar for creating detailed 3D 
maps, integrating 2D Lidar with IoT. Paper [13] discusses the global interest in intelligent 
transport systems for improving road safety and efficiency. Paper [14] discusses the importance 
of outdoor localization for navigation, especially in urban areas with dense infrastructure. 
Paper [15] explores the fusion of 2-D LiDAR and monocular camera data for vehicle detection 
and tracking, enhancing safety for e-scooter users by separately identifying vehicle front and 
side regions. Figure la & b shows the illegal and legal speed breakers. 


Figure l(a). Illegal speed breaker. Figure 1(b). Speed breaker. 


3 SYSTEM DESCRIPTION 


Our proposal democratizes LIDAR technology, typically found in autonomous vehicles, by 
integrating a roof-mounted sensor into regular cars for capturing detailed 3D data, which 
when combined with an Arduino UNO microcontroller, enables real-time safety features 
like collision avoidance, thereby enhancing highway safety and contributing to a more 
informed road network. 


3.1 LiDAR and Arduino UNO calibration 


The TFMini Plus, a small but mighty LiDAR sensor, is renowned for its versatility and precise 
distance measurement. Despite its compact size, it can accurately measure distances from 4 cm 
to 12 meters. It excels in detecting obstacles and assessing distances, even in confined spaces. 
The sensor’s low power consumption extends its operational life without sacrificing accuracy. 
It uses Time-of-Flight technology to emit rapid infrared light pulses, calculating distances with 
impressive accuracy. This real-time analysis enables safety features like collision avoidance 
and object tracking. In essence, the TFMini Plus is a precise, portable, and efficient LIDAR 
sensor, essential for various applications beyond autonomous vehicles. 


3.2 Atmega328P (Arduino Uno) description 


Arduino UNO has transformed the microcontroller landscape, enabling creators to realize 
their ideas. This open-source platform, designed for simplicity and accessibility, has 
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democratized electronics and embedded systems. The ATMEGA328P, based on the AVR 
RISC architecture, operates at 20 MHz and features 23 general-purpose I/O pins and a 10- 
bit ADC. It uses UART, SPI, and 12C for serial communication and is available in various 
packages, making it versatile for different applications (Figure 2). 


Figure 2(a). TFMini plus LIDAR. Figure 2(b). Arduino UNO. 


4 CHALLENGES IN EXISTING SPEED BREAKER DETECTION SYSTEMS 


4.1 Low light conditions 


In dimly lit or shadowy environments, speed bump detection can be a hurdle for computer 
vision algorithms dependent on image recognition. The lack of sufficient light blurs the 
visual specifics, complicating the reliable identification and categorization of road objects. 


4.2 Real time adaptivity 


Many previous approaches have failed to provide real-time alerts to drivers about upcoming 
speed breakers due to limited long-range detection capabilities. Certain methods have relied 
on GPS data and accelerometer readings to detect speed breakers, but these techniques fail 
to alert the driver when traveling on new or unfamiliar routes, as they lack the ability to 
adapt and respond in real-time to dynamically changing environments. 


4.3 Data quality and availability 


The performance of speed bump detection systems hinges on the quality and volume of 
training data. Gathering appropriate training data is a considerable task, especially when 
diverse examples of speed bumps and potholes are needed, and labeled data in real-world 
situations may be limited or skewed. 


4.4 Real-time processing and scalability 


Speed bump detection systems often operate in in real-time settings where timely responses 
are crucial. Achieving real-time processing while maintaining high accuracy and scalability 
presents. technical challenges, especially when dealing with large volumes of video data. 


4.5 Generalization and robustness 


Speed bump detection models must generalize well to diverse environments and demo- 
graphics to be effective across different contexts. Ensuring robustness against variations in 
lighting, camera perspectives, and human behavior is essential for real-world deployment. 
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5 PROPOSED SPEED BREAKER DETECTION METHOD 


5.1 Architecture of model 


The suggested system (Figure 3) design offers a novel method to enhance road safety by noti- 
fying drivers of impending speed breakers that might be hidden from sight. By harnessing the 
advanced capabilities of LIDAR technology, the system aims to issue early alerts, mitigating 
potential accidents or harm to vehicles and occupants. Central to this design is a LIDAR sensor 
that uses light to precisely detect and gauge distances to road objects, offering effective operation 
even in low-light or foggy conditions, unlike conventional camera-based systems. 
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Figure 3. Flow of proposed system. 


5.2 Working principle of LiDAR 


LiDAR, an acronym for Light Detection and Ranging, is a potent technology that employs 
light pulses to generate 3D environmental maps. It operates on the Time of Flight principle, 
emitting quick bursts of near-infrared light that reflect off objects and return to the sensor, 
enabling the calculation of precise distances. This results in a point cloud, a detailed envir- 
onmental representation composed of millions of data points. LIDAR, unlike camera sys- 
tems that depend on ambient light, performs equally well in both daylight and darkness, 
making it perfect for applications like autonomous vehicles. Additionally, when mounted on 
aircraft, LIDAR can produce highly detailed topographical maps, beneficial for fields like 
archaeology, environmental monitoring, and urban planning. 


D=cxt/2 (1) 


Where, c=Speed of light & t=time taken by the light emitted 


5.3 Method used 


In India, speed breaker heights can significantly fluctuate, from a minimum of 10 CM 
(approximately 3.94 inches) to a maximum of 20cm (around 7.87 inches), posing a challenge 
for drivers adjusting to these sudden elevation changes. In this project, a single-point LIDAR 
is employed to measure distance, as depicted in Figures 4(a) and 4(b), projecting a ray that 
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travels the same distance in both cases, with almost no difference. Highways typically have 
smooth and even roads, with unevenness only present in the form of speed breakers or 
potholes, as can be observed in Figures 4(a) and (b). The presence of the speed breaker is 
shown in Figures 4(a) and (b). 


Figure 4(b). LiDAR projection on speed 
Figure 4(a). Projection of LiDAR before the breaker. 
Speed breaker. 


Height of the object = Distance at tl — Distance at t2 (2) 


In Figure 4(a) the light ray is projected on the road just before the speed breaker (dis- 
tance=i) and Figure 4(b) shows that the light ray is projected on the speed breaker (dis- 
tance=k). The difference between the two distances i and k indicates the presence of an 
obstacle, the difference (i-k) is considered as the height of the object if the height of the height 
of the object falls between (10cm (about 3.94 in)-20cm). The system alerts the driver about 
the speed breaker’s presence through voice alert. 


6 RESULTS & DISCUSSION 


Road safety is paramount for drivers and pedestrians, with speed breakers posing risks if 
undetected. Advanced sensors and intelligent systems in vehicles, such as a LIDAR sensor- 
based speed breaker detection system, offer innovative solutions. This system alerts the vehi- 
cle’s control systems of speed breakers, triggering actions to enhance safety and ensure a 
smooth transition. It can provide warnings to the driver, integrate with the vehicle’s adaptive 
cruise control and automatic braking systems, and has proven its effectiveness in real-world 
demonstrations. The system can also identify other road hazards, enhancing overall road 
safety. Successful implementation requires careful consideration of factors such as sensor 
placement, calibration, and integration with existing systems, and continuous refinement and 
updates to ensure optimal performance. As technology advances, LiDAR-based systems hold 
promise for improving road safety and enhancing the driving experience by providing crucial 
information and automated assistance, reducing accident risk, and promoting safer journeys. 


Figure 5. Prototype demonstration. 
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Table 1. Performance comparison. 


S.No 


AUN- 


Conditions Proposed System Accuracy Existing System Accuracy 
Day 99.5% 97.44% 

Night 99.5% 90% 

Foggy, Mist 98% 87% 

Rainy 95% 80% 


7 CONCLUSION & FUTURE SCOPE 


In conclusion, LIDAR sensor technology’s application for speed breaker detection enhances 


road 


safety and driver convenience, creating a safer, more efficient road environment. This 


system, which operates efficiently at night, offers a cost-effective solution despite initial setup 
costs, as its efficiency and accuracy prevent potential damage or accidents from unnoticed 
speed breakers. The integration of camera and LIDAR data increases object identification 
accuracy, and the use of 3D LIDAR provides depth, improving object detection. 
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ABSTRACT: Lung cancer, the leading cause of cancer-related deaths globally, emphasizes the 
critical necessity for early detection and accurate classification to ensure effective treatment. This 
study employs innovative image augmentation techniques and incorporates architectural advance- 
ments to provide a unique deep learning-based solution for lung cancer classification. Utilizing a 
diverse dataset encompassing benign, malignant, and normal cases, the research meticulously pre- 
processes images and fine-tunes the EfficientNetB7 model to address the complexities of lung nodule 
classification. Visualizations such as training/validation curves illuminate the model’s learning 
dynamics, underscoring its resilience and generalization capability. Notably, the integration of 
image augmentation significantly enhances the model’s performance and adaptability. 


Keywords: Lung Cancer Classification, Efficient Net, Image Augmentation, Medical Image 
Analysis, Deep learning 


1 INTRODUCTION 


Lung cancer presents a significant challenge in oncology, with staggering mortality rates and a 
substantial global health burden. Despite medical advancements, prognosis for lung cancer patients 
remains bleak, largely due to late-stage diagnoses and limited treatment options. Early detection 
and accurate classification of lung nodules are crucial for timely intervention and personalized 
treatment strategies. In recent years, deep learning algorithms have revolutionized medical image 
processing, offering unprecedented opportunities to enhance prognostic assessment and diagnostic 
accuracy. Its leads to a greater number of cases and deaths across the world. Despite therapeutic 
advancements, the overall five-year survival rate for lung cancer remains dismal at around 19%. A 
primary challenge in combating lung cancer is its asymptomatic nature in early stages, often leading 
to diagnosis at advanced stages with limited treatment options and poor prognosis. 


DOI: 10.1201/9781003559092-105 607 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


A subset of artificial intelligence called deep learning has been a game-changer in a number of 
fields, including medical imaging. In tasks like image classification, segmentation, and detection, 
deep learning models have shown extraordinary performance due to their capacity to autonomously 
generate hierarchical representations from complex data. Convolutional neural networks (CNNs) 
have attracted a lot of attention because of their exceptional accuracy in extracting complex infor- 
mation from medical images and efficiency [1]. Lung nodules, focal lesions or abnormalities 
detected in lung imaging studies, serve as crucial indicators for diagnosing and staging lung cancer. 
While most lung nodules are harmless, a small percentage can be signs of malignant tumors, which 
calls for immediate diagnosis and treatment [2,3]. It is critical for correctly identifying lung nodules 
as benign or malignant to inform clinical decision-making, decide which additional tests or invasive 
procedures are necessary, and develop the best possible treatment plans. However, the process of 
manual nodule classification is inherently subjective and prone to inter-observer variability, high- 
lighting the need for objective and reproducible methodologies. Considering these circumstances, 
this study aims to construct a reliable and precise deep learning framework for lung cancer classi- 
fication using radiographic data [4]. The focal point is to assess the efficacy of the latest Efficient Net 
architecture in classifying lung nodules and to explore how employing image augmentation tech- 
niques influences model performance and versatility [5]. 


2 RELATED WORKS 


Lung cancer is a complex and multifaceted disease that poses significant challenges to healthcare 
systems worldwide. Over the years, numerous studies have been conducted to explore effective 
methodologies for lung cancer classification, with a particular focus on leveraging advanced tech- 
nologies such as deep learning. This survey of the literature gives a summary of the record of current 
research. in the field of lung cancer classification, highlighting key methodologies, trends, and 
findings. Historically, lung cancer classification relied heavily on manual interpretation of radio- 
graphic images by experienced radiologists. This subjective approach, while valuable, was prone to 
inter-observer variability and lacked scalability. To address these limitations, researchers began 
exploring computer-aided diagnosis (CAD) systems, which utilized machine learning algorithms to 
assist radiologists in identifying and classifying lung nodules. Early CAD systems primarily relied 
on handcrafted features extracted from medical images, such as shape, texture, and intensity, to 
differentiate between benign and malignant nodules [2-4]. The area of medical imaging underwent a 
revolution with the introduction of deep learning techniques, specifically CNN. CNN, inspired by 
the human visual cortex, demonstrated remarkable capabilities in automatically learning hier- 
archical representations from raw image data. Deep learning algorithms presented the possibility to 
outperform conventional CAD systems in the context of lung cancer classification by directly 
extracting complex features and patterns from radiographic images, eliminating the requirement for 
manual feature engineering [5]. The potential of deep learning to improve the precision and effec- 
tiveness of lung cancer categorization was soon realized by researchers. Transfer learning, a tech- 
nique that leverages pretrained models trained on large-scale image datasets, emerged as a popular 
approach for adapting deep learning models to medical imaging tasks with limited training data [6— 
8]. Despite the advancements enabled by deep learning, several challenges persist in the field of lung 
cancer classification. One significant challenge is the interpretability of deep learning models fre- 
quently function as “black boxes,” making it difficult for medical professionals to believe in and 
comprehend their forecasts. Additionally, the reliance on large, annotated datasets for model 
training poses logistical and ethical challenges, particularly in the context of medical imaging where 
data privacy and confidentiality are paramount [9]. There are numerous opportunities for further 
advancements in lung cancer classification using deep learning. Researchers are exploring innova- 
tive methodologies for improving the explainable AI methodologies and attention mechanisms seen 
in deep learning models, as well as their interpretability. Collaborative efforts in data sharing and 
curation are also underway to address the shortage of annotated medical imaging datasets. 
Furthermore, the integration of multimodal data, including clinical and genomic information, holds 
promise for enhancing the accuracy and personalized treatment of lung cancer patients [10]. Many 
similar applications [11-16] were done by machine learning and deep learning techniques. 
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3 METHODOLOGY 


The methodology section details the step-by-step approach, procedures, and techniques utilized in the 
research to accomplish the stated objectives effectively. It encompasses data collection, preprocessing, 
model selection, architecture design, training procedure, hyperparameter tuning, evaluation metrics, 
cross-validation, and implementation details. Architecture of CNN is shown in Figure 1. 


Figure 1. Architecture of CNN (Courtesy). 


3.1 Data collection and preprocessing 


Data collection involves acquiring a diverse and representative dataset of lung nodule images from 
various sources, including medical repositories, research institutions, and collaborative initiatives. The 
dataset should encompass a balanced distribution of benign, malignant, and normal cases to ensure 
comprehensive model training and evaluation. The dataset utilized in this research paper comprises 
radiographic images of lung nodules sourced from diverse repositories, medical institutions, and col- 
laborative initiatives. It encompasses a comprehensive collection of benign, malignant, and normal 
lung nodule cases, providing a representative sample of the underlying pathology encountered in 
clinical practice. The dataset underwent meticulous preprocessing to standardize image resolution, 
color space, and pixel intensities, ensuring uniformity and enhancing the quality of the images. 


3.2 Model selection and architecture design 


The selection of an appropriate deep learning architecture is crucial for the success of lung cancer 
classification. Several factors, including model complexity, computational efficiency, and perfor- 
mance metrics, influence the choice of architecture. Commonly considered architectures include 
VGG, ResNet, Inception, DenseNet, and Efficient Net. In this study, the Efficient Net architecture 
is chosen for its scalability and efficiency in handling diverse image characteristics. Lung nodule 
classification tasks are a good fit for Efficient Net’s compound scaling algorithm, which strikes a 
compromise between model depth, width, and resolution. 


3.3. Training procedure 


The training procedure entails optimizing the model parameters to minimize a predefined loss 
function while maximizing classification accuracy. The following steps outline the training 
process: 
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3.3.1 Initialization 
Set the model weights using a predetermined initialization technique (e.g., pretrained weights from 
a model trained on a large-scale picture dataset, or random initialization). 


3.3.2 Forward pass 
Run the model through batches of training samples to provide predictions. 

Calculate the gradients of the loss function in relation to the model parameters by back- 
propagation, and then use an optimization technique (such as Adam’s stochastic gradient descent) 
to update the model parameters. 


3.3.3 Validation 
To keep an eye on the model’s capacity for generalization and to avoid overfitting, periodically 
assess its performance on a different validation dataset. 

The training procedure typically involves multiple epochs, with early stopping criteria employed 
to halt training if the validation performance fails to improve over a predefined number of epochs. 


3.4 Evaluation metrics 


The trained model’s performance is assessed by a range of metrics to determine its robustness, 
generalization capacity, and accuracy in classification. Model interpretability metrics can also be 
used to improve trust and transparency by offering insights into the model’s decision-making 
process through the use of saliency maps and feature significance scores. 


3.5 Hyperparameter tuning and optimization 


Deep learning models rely on fine-tuning knobs (hyperparameters) to achieve optimal perfor- 
mance. Automatic machine learning (AutoML) and other search techniques help find the best 
settings for these knobs. 


3.6 Cross-validation and model validation 


The model’s strength and adaptability are assured through k-fold cross-validation, dividing data 
into subsets for training and validation. Performance metrics from each fold are averaged for 
precise performance estimation. 


4 EXPERIMENTS AND RESULTS 

A thorough summary of the model’s effectiveness, interpretability, and generalizability is given in 
this section’s structure. 

4.1 Model performance metrics 


Several classification metrics are used to assess the performance of the trained deep learning 
model. These measures shed light on the model’s precision in dividing lung nodules into groups 
that are benign, malignant, and normal. The results are shown in Figures 2 and 3. 
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For example, the model’s overall correctness is measured by the accuracy metric, while its capacity 
to decrease false positives and false negatives is evaluated by the precision and recall metrics. 


4.2 Confusion matrix analysis 


We place the model on a test set and generate predictions that we compare with the actual labels using 
a confusion matrix to understand where our model does well and bad. These class-specific perfor- 
mance metrics are then compiled, producing rates of Sensitivity, Specificity, Phoenix Positive Values 
(PPV), and Negative Predicted values (NPV). Saliency maps or feature importance scores; produces a 
map to show the weights (features/pixels) contributing to classification decision- can be texture pat- 
terns, pixel intensities etc. A - Visual saliency maps highlight important regions of the input images for 
its relevance to distinctive phenotypes correlated with benign and malignant nodules. We compare the 
performance of the deep learning model with that of Hetnet features as well as additional techniques 
for lung cancer classification, and demonstrate increased generalization, robustness, and accuracy. 
Simple models in this task can be logistic regression, shallow CNNs, decision trees, support vector 
machines. So experiments are a comparative studies to show the deep learning approaches perform 
better than commonly used alternatives. The qualitative analysis viewed the inferences made by the 
model on some of the testing images to how efficient they are. We analyze the obtained correctly 
classified and misclassified images to provide information on patterns, challenges, and directions for 
future improvements. Qualitative analysis of such insights conveys a refined model, better dataset- to 
improve performance and hyperparameter tuning for reliability. 


5 DISCUSSIONS 


The discussion of model interpretability highlights the importance of understanding the underlying 
features driving the model’s predictions. Visualizations such as feature importance scores and sal- 
iency maps elucidate the model’s decision-making process and identify clinically relevant image 
features associated with benign and malignant nodules. This interpretability is critical for building 
trust and confidence in the model’s predictions among clinicians and healthcare practitioners. This 
discovery opens up a number of possibilities for future research and advancement. In order to 
confirm the model’s applicability in actual healthcare settings, future research endeavours may 
concentrate on improving the model’s architecture, investigating cutting-edge image augmentation 
methods, incorporating multimodal data sources, and carrying out prospective clinical trials. 
Furthermore, to advance medical image analysis and fully utilize deep learning in healthcare, 
cooperative efforts in data sharing, model benchmarking, and regulatory compliance are crucial. 


6 CONCLUSIONS 


This study report concludes with a thorough analysis of the use of deep learning methods for the 
categorization of lung cancer using radiographic pictures of lung nodules. By building and testing 
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an advanced convolutional neural network (CNN) approach, we have shown that deep learning is 
effective and has the potential to be used to reliably differentiate between the various three classes 
of lung nodules. Promising performance indicators are displayed in the findings generated from 
the trained model. Saliency maps and feature significance scores—two interpretability evaluations 
of the model—offer insightful information about the underlying visual properties affecting the 
classification results. Moreover, comparative evaluations against baseline models and cutting- 
edge techniques highlight how much better the suggested deep learning-based strategy is in terms 
of accuracy in classification, robustness, and generalization capacity. In order to confirm the 
model’s applicability in actual situations, next research avenues may entail improving the model’s 
design, adding multimodal data, and carrying out prospective clinical trials. 
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ABSTRACT: The ever-changing landscape of home automation is transforming the way we 
live, with the integration of the Internet of Things (IoT) and home appliances. This new era of 
smart living offers convenience, comfort, and efficiency in residential settings. The complex 
architecture supporting IoT-powered home automation systems includes computing and wireless 
communication protocols. It offers features like smart lighting, climate control, security, energy 
systems, entertainment, and healthcare. However, barriers to widespread adoption include privacy 
concerns and business issues. Future possibilities include artificial intelligence, smart home eco- 
system development, and oral computing. This report highlights the practical effects and accom- 
plishments of the players in this emerging field. 


Keywords: Home automation, Internet of Things (IoT), Smart living, Convenience, 
Comfort, Sensor networks, Cloud computing 


1 INTRODUCTION 


Domestic automation utilizes IoT technology to integrate and control various gadgets and sys- 
tems through the internet. This centralized interface, accessible via voice or phone, enhances 
safety, efficiency, and comfort in homes, making it easier to manage and control various devices. 
IoT technology has revolutionized home systems, enabling the integration of computerized 
routines and voice assistants, enhancing remote control and management capabilities [1]. 


2 FUNDAMENTALS OF HOME AUTOMATION 


2.1 The meaning and application of home automation 


A good-sized array of responsibilities are blanketed in the scope of home automation, con- 
sisting of but not confined to: 

Environmental Control: To keep appropriate indoor temperatures, this entails controlling 
heating, air flow, and air-con (HVAC) gadgets. 

Lighting Control: Users can remotely modify the color, brightness, and schedule of the 
lighting thanks to home automation systems’ ability to automate lighting control. 

Security and Surveillance: Homeowners can monitor their property and receive alerts 
about suspicious activity by integrating security cameras, motion sensors, and door/window 
sensors. 

Appliance Control: Appliances like freezers, ovens, and washing machines can be remotely 
operated, programmed to run at certain times, or even optimized for energy efficiency with home 
automation. 
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2.2 The architecture and components of typical home automation systems 


Sensors monitor environmental variables for automation systems. Actuators execute commands 
based on sensor or user inputs. Controller interprets sensor data, sends commands, manages 
inter-device communication. User Interface serves homeowners, and they can communicate with 
and manage the home automation system through user interfaces.[2] Voice assistants, online 
interfaces, smartphone apps, and control panels built specifically for the house might all fall 
under this category. 


2.3 Protocols for wireless communication 


2.3.1 Wi-Fi 

One of the most famous wireless communication protocols in domestic automation is Wi-Fi. It 
gives extensive insurance and speedy statistics to switch prices, making it feasible for devices to 
connect to the internet and alternate facts with one another without any troubles [11]. 


2.3.2 Bluetooth 

This era connects smartphones, pills, and wearables to domestic automation systems by way of 
permitting short-variety communique between them. Variants of Bluetooth Low Energy 
(BLE) are frequently utilized for low-electricity programs, such as sensors and clever locks [15]. 


2.4 Sensor technologies 


Motion sensors are used in home automation for security and lighting control, detecting 
movement within a predefined region.[2] Temperature sensors regulate HVAC systems, 
maximizing energy efficiency and maintaining indoor temperatures. Light sensors auto- 
matically control lightning by detecting ambient light levels, adjusting artificial lighting to 
match natural light levels, saving energy, and improving comfort. Smart Home comprising of 
smart appliances is shown in Figure 1. 
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Figure 1. Smart Home. 


2.5 Actuators 


Smart Switches and Plugs: Replace traditional light switches for automation and remote 
control. Allow dimming, turning on/off, and programming personalized lighting scenes.[4] 
Remotely control power delivery for connected devices. Enable keyless entry into homes, 
connected to automation systems or man-aged remotely via smartphone app. 


2.6 Cloud computing and data analytics 


Cloud computing platforms provide infrastructure for storing, processing, and studying IoT 
data in home automation systems.[3] These solutions enable remote monitoring, control, and 
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automation, allowing for data analytics, personal enjoyment, device performance optimi- 
zation, and enhanced system functionality and scalability. 


3 APPLICATIONS OF IOT IN HOME AUTOMATION 


3.1 Smart lighting systems 


Smart lighting systems with Internet of Things allow remote management, automation, 
motion detection, color modification, dimming, and connectivity, optimizing natural light 
levels and occupancy patterns for energy efficiency.[5] 


3.2 Temperature and climate control 


IoT sensors and thermostats can control HVAC systems to optimize comfort and energy 
efficiency, with smart thermostats recognizing user behavior and integrating with occupancy 
sensors and weather forecasts. 


3.3. Home security and surveillance 


IoT-enabled door sensors, motion sensors, and safety cameras detect illegal entry, improve home 
safety, and offer cloud-based storage and remote access.[6] Smart door locks provide key-less 
access and connection with security system. Iot based web-controlled home automation is shown 
in Figure 2. 


Figure 2. Lot based web-controlled home automation. 


4 LIMITATIONS AND DIFFICULTIES OF IOT-POWERED HOME 
AUTOMATION 
4.1 Problems with device interoperability from different manufacturers 


A significant obstacle in IoT-driven home automation is the lack of established protocols 
and device interoperability among manufacturers, causing fragmentation in user experience 
and interoperability issues. 


4.2 Privacy and security issues with data transmission and collection 


Data privacy concerns in home automation are heightened by the widespread use of con- 
nected devices, posing risks to security and privacy, as malicious actors exploit weaknesses in 
IoT networks.[8]. Home automation using IoT is shown in Figure 3. 
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Figure 3. Home automation using IoT. 


5 PROSPECTS & FUTURE TRENDS IN IOT-POWERED HOME AUTOMATION 


5.1 Combining machine learning algorithms with artificial intelligence (AI) for 
intelligent automation 


AI can efficiently forecast behavior by analyzing large volumes of user data, enhancing 
automation and user experience, and enhancing the efficiency of IoT devices. 


5.2 Extension of interoperability standards and smart home ecosystems 


A greater range of networked products and services are being developed for connected 
homes, enhancing interoperability and functionality.[7] Initiatives like Project CHIP aim to 
establish interoperability standards across various manufacturers. 


5.3. Advancements in energy harvesting and battery technologies for autonomous devices 


Developments in energy harvesting technologies, including thermal, kinetic, and solar 
energy harvesting, will make it possible to create autonomous Internet of Things devices that 
use fewer external power sources and have longer battery lives.[12] 


5.4 Adoption of edge computing for decision-making and real-time processing 


Edge computing is revolutionizing automation by enabling IoT devices to make real-time 
decisions at the network’s edge, reducing latency and bandwidth consumption.[11] This 
technology enhances dependability and efficiency in critical automation tasks like emergency 
detection and security monitoring. 


6 CASE STUDIES AND PRACTICAL APPLICATIONS OF INTERNET OF 
THINGS-BASED HOME AUTOMATION 


6.1 Philips hue smart lighting system 


Philips Hue is a top-rated smart lighting system that allows users to control their lighting 
fixtures using voice commands, schedules, and smartphones.[9] It integrates with popular 
smart home systems like Apple HomeKit, Google Assistant, and Amazon Alexa, demon- 
strating the value of user-friendly interfaces and innovation. 


6.2 Nest learning thermostat 


Nest’s Nest Learning Thermostat is a smart thermostat that optimizes energy use in HVAC 
systems, learning user preferences and making automatic adjustments.[8] It uses integrated 
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sensors, Wi-Fi, and machine learning algorithms to offer personalized energy-saving 
recommendations, enhancing user participation in energy management. 


6.3 August smart lock pro 


The August Smart Lock Pro is a smart lock that integrates with home automation systems, 
offering keyless entry and remote access. It features Wi-Fi connectivity, auto locking, and 
virtual keys for temporary access.[10] Its intuitive user interface and seamless interaction 
with door hardware ensure privacy, convenience, and safety. 


7 RESULT AND ANALYSIS 


7.1 Technological foundations 


The study reveals the intricate structure of Internet of Things-based domestic automation, 
utilizing wireless communication protocols, sensor technologies, and cloud computing. 


7.2 Applications and benefits 


The comprehensive solution offers an extensive range of smart electricity management 
devices, providing energy savings and improved comfort for daily life, enhancing security 
and security in the home. 


7.3 Challenges and limitations 


Interoperability problems and privacy concerns pose significant obstacles in the adoption of 
IoT-driven home automation, necessitating robust requirements and solutions to overcome 
these challenges. 


8 CONCLUSION 


IoT-based domestic automation has revolutionized living environments, offering enhanced 
convenience and efficiency through remote control of lighting fixtures, temperature, security, 
and entertainment.[14] Despite challenges like interoperability, privacy, and costs, this tri- 
umph presents opportunities for creativity and advancement in consumer enjoyment, safety, 
and standardization. Future implications include strength harvesting technologies, part 
computing, AI, and smart home ecosystems, driving innovation in custom-designed reports 
and smart automation.[13] Standardization and interoperability are ongoing projects, while 
security and privacy are crucial for future homes. 
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ABSTRACT: This research introduces a new urban travel model that combines VANET and 
MANET technologies to enhance road safety, traffic flow optimization, and provide various 
applications for passengers and drivers. The focus is on dynamic topology management technology, 
where VANET systems with strategic sensors provide vehicle information to operators and 
MANET technology offers users relevant data to avoid accidents and congestion. A real test sce- 
nario involving 30 vehicles demonstrated a significant increase in traffic efficiency and road safety 
scores. The technology has the potential to enhance vehicle dynamics and road safety in urban 
transportation systems, making way for intelligent and responsive transportation in large cities. 


Keywords: Integrated technologies, dynamic topology control, MANET, VANET, urban 
transportation 


1 INTRODUCTION 


Global urban transport networks are evolving and require innovative solutions to manage the 
complexity of urban expansion and growing mobility needs. This study explores the combination of 
Mobile Access Network (MANET) and Hoc Access Network (VANET) technologies to create an 
intelligent traffic system that can enhance safety, traffic flow, and responsiveness to changing con- 
ditions. Advanced sensors in VANET environments collect real-time data for dynamic decision- 
making, supported by MANET technologies for communication and information dissemination. 
Current research focuses on combining MANET and VANET technologies to revolutionize 
urban traffic amidst increasing urbanization and connected cities. Vehicle-to-vehicle (V2V) and 
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vehicle-to-infrastructure (V2I) communications in VANETs aim to improve transport efficiency 
and road safety by providing real-time data on traffic patterns and potential risks. The adaptability 
of mobile ad hoc networks (MANETs) is highlighted, with a focus on improving traffic network 
responsiveness and efficiency through dynamic topology control.Integration of cyberintelligence in 
MANETs and sensors in VANET environments enhances real-time decision-making capabilities. 
By combining sensor data from both networks, a comprehensive view of the vehicle’s surroundings 
is achieved. This research contributes to the development of adaptive communication networks that 
provide valuable information for urban transportation systems. 


2 METHODOLOGY 


Our research aims to combine mobile ad hoc network (MANET) and vehicular ad hoc network 
(VANET) technologies to enhance traffic efficiency, road safety, and user experience. The 
dynamic information system created through this combination collects real-time traffic data from 
various sensors and transmits it to onboard operators for network connections. VANET tech- 
nology plays a key role in transmitting traffic data, including hazards and road conditions, col- 
lected from sensors in cars. A master traffic manager interprets this data to optimize traffic 
patterns and address issues like traffic jams using rapid network responses. MANET technology is 
then used to disseminate relevant information to the public, such as accident notifications, to 
improve trip planning and avoid congested areas. The flexible topology management of MANET 
ensures efficient communication networks in different situations, enhancing overall user experi- 
ence in the automotive industry by simplifying entertainment options for drivers and passengers. 


2.1 Sensor used in the technology 


Our innovative solutions utilize a combination of advanced sensors to support Access Hoc 
Network (VANET) and Mobile Hoc Network (MANET) technologies, allowing for real-time 
data collection and dynamic topology management. The integration of mobile technologies into 
these frameworks improves road safety, transportation efficiency, and includes applications for 
traffic control and collision prevention. Sensor deployment in VANET is crucial, with sensors 
such as lidar, radar, cameras, and GNSS receivers providing valuable information about a vehi- 
cle’s surroundings and interactions. These sensors aid in accident prevention strategies, with lidar 
mapping the environment, radar locating vehicles, and cameras recording video information for 
driver assistance systems. The integration of GNSS receivers enhances vehicle positioning and 
navigation accuracy.In the MANET environment, sensors on mobile devices like smartphones, 
including GPS modules, accelerometers, gyroscopes, and magnetism sensors, contribute to 
dynamic topology control by providing data on user movement patterns and network conditions 
in real-time. Additionally, road infrastructure devices like environmental sensors and traffic 
monitoring systems improve network security and adaptability by offering information on tem- 
perature, air quality, and traffic conditions. Synchronization of sensor data between MANET and 
VANET environments is essential for traffic management and dynamic decisions at the individual 
vehicle level. Overall, the use of sensors in both networks provides a comprehensive understanding 
of the traffic environment, enhancing traffic management and promoting safety (Figure 1). 


Lidar, radar, cameras, and 
Global Navigation 
Satellite System (GNSS) 


Figure 1. Propose system architecture. 
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2.2. TReal-time test condition 


Figure 2. Two ways. 


During the real-time test phase, 30 vehicles were sent to selected roads to assess the proposed 
system’s performance in real conditions. The test path, shown in Figure 2, had two ways to reach the 
destination, but one path was closed, requiring the use of dynamic system topology control methods 
to find alternative routes. Tests aimed to evaluate the system’s adaptability to changing traffic 
patterns and routes, enhancing road safety and traffic management. The test setup simulated typical 
urban traffic conditions, relying on sensors in the VANET environment to monitor vehicle beha- 
vior. Decision-making processes of the system heavily relied on data collected in this phase. When 
bad traffic conditions were detected, the system used MANET technology to connect to vehicles 
and guide them to alternative routes, aiming to prevent collisions and traffic congestion. 


3 RESULT AND DISCUSSION 


A test site results showed the controllability to effectively manage road traffic in two integrated 
systems MANET and VANET at a moment. In a real-world simulation, 30 vehicles took part and 
demonstrated how the system can rapidly respond to variable traffic behaviour. Whenever the 
integrated sensor network determined that abnormal conditions exist, it would trigger dynamic 
topology management which permitted vehicles to effectively traverse through the city. The sys- 
tem is self-contained in such a way that it can make its decision based on real-time data collected 
from network sensors and revealed an intelligent nature for traffic optimization. In the end, the 
dynamic adaptation techniques of MANET and VANET systems were presented in various 
morning traffic scenes which proved to be very effective at mitigating congestion from one end 
and improving flow on other. Proven models validated the system’s ability to manage traffic 
dynamics in cities, enhancing transportation efficiency and enabling smart transportation net- 
works.ManyToManyFieldThe test results additionally showed that improvement in traffic effi- 
ciency was well balanced with the gain in road safety: high levels of both have been maintained 
during all tests. By keeping the events scarce, however, it proved that it was able to keep a high 
level of road safety and traffic efficiency even during peak hours. These transportation efficiency 
gains demonstrated the system’s capability of dynamic on-the-fly route planning generation by 
utilising real-time information from converged MANET and VANET technologies. The system’s 
reliable performance during the test period was in line with expectations, suggesting a possible role 
for it to contribute substantially towards enabling more efficient and safer urban transportation. 
All in all, the results of testing at the test site showed that this system is effective and manages 
traffic flexibly and efficiently due to integrated MANET and VANET technologies. The system 
showed an ability to change in real-time with the traffic, making congestion even less and allowing 
roads to be safer. These results have also confirmed the applicability of MANET and VANET 
systems under real-world transportation conditions, showing promise for continued research in 
this field. The detailed analysis of the system performance in terms of time intervals gave insight 
about dynamic response and overall effectiveness on traffic management and road safety pro- 
spects (Figures 3 and 4). 
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Table 1. Experimental results. 


Vehicle 


FP OANDMNAARWNeE 


Initial Route Traffic Conditions Rerouting Decision Final Route 
Route A Moderate Reroute Route B 
Route A Heavy Reroute Route B 
Route A Light Continue Route A 
Route A Heavy Reroute Route B 
Route A Moderate Continue Route A 
Route A Light Continue Route A 
Route A Moderate Reroute Route B 
Route A Light Continue Route A 
Route A Heavy Reroute Route B 
Route A Moderate Continue Route A 


Table 2. System re-routing and performance. 


Traffic Density Traffic Rerouting 
Time Stamp (Route A) Conditions Decision Vehicles Rerouted 
08:00 AM Moderate Reroute 5,7 Dynamic Adaptation 
08:15 AM Heavy Reroute 2,4, 9 Dynamic Adaptation 
08:30 AM Light Continue - Monitoring 
08:45 AM Moderate Reroute 1, 10 Dynamic Adaptation 
09:00 AM Light Continue - Monitoring 
09:15 AM Heavy Reroute 3, 8 Dynamic Adaptation 
09:30 AM Moderate Continue - Monitoring 
09:45 AM Light Continue - Monitoring 
10:00 AM Moderate Continue - Monitoring 
10:15 AM Heavy Reroute 6, 11 Dynamic Adaptation 
10:30 AM Light Continue - Monitoring 
10:45 AM Moderate Continue - Monitoring 
11:00 AM Heavy Reroute 12, 15 Dynamic Adaptation 
11:15 AM Light Continue - Monitoring 
11:30 AM Moderate Continue - Monitoring 
11:45 AM Light Continue - Monitoring 
12:00 PM Heavy Reroute 13, 14 Dynamic Adaptation 
mo [u Traffic Efficiency (%)| 
m [__] Road Safety Score (1-10) 
. F s” 
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Figure 3. Traffic efficiency. 
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Figure 4. Road safety score. 
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4 CONCLUSION 


Our research has proved that the connectivity technologies of Wireless Ad Hoc Network VANET and 
Mobile Ad Hoc Network (MANET) can be employed for urban traffic management. These technol- 
ogies have also been shown to enhance efficiency and safety of transportation through real-time data 
and dynamic topology management. “All our tests have had excellent road safety scores consistently 
and the traffic percentage has been over 90% even during peak hours.” The integration of strategic 
sensors and MANET/VANET technologies has established a good foundation for the intelligent 
transportation networks. “Our research not only gives insights into the effectiveness of integrated sys- 
tems, but also opens possibilities for further advances in transportation technology,” Zhang says. The 
deployment of these technologies can establish a more flexible and an efficient urban ecosystem, pro- 
viding the foundation for what may someday be the intelligent traffic system we envision. 
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ABSTRACT: The effects of augmented reality on performance, motivation and anxiety in 
undergraduate physical education. According to the findings of results, students who used an 
AR tool “FieldFusionAR” exceeded within post-test mean score and effort grades versus 
those in a non-AR environment. The lower anxiety levels of the AR group also indicate that 
this approach can provide a positive emotional learning environment in physical education. 
The results demonstrated that AR can change the game in physical education, with its 
impacts on cognitive awareness and emotional welfare. 


Keywords: Augmented Reality, Physics Education, Learning Anxiety, Student Motivation, 
Performance Enhancement 


1 INTRODUCTION 


Physics is much of such a subject which deals with several abstract ideas that people can 
never observe directly. Visualization has always played a key role in understanding some, if 
not all of these concepts, making visual representations absolutely indispensable for educa- 
tors. One of them is augmented reality (AR) which integrates both real world and virtual 
information. Augmented Reality, the emerging technology, has attracted students from 
every discipline by offering an environment in which they can learn through interaction. 
Using this innovative tool, students can have an interactive learning experience that brings 
theory and application together. 
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Although there are vast numbers of studies that present evaluation results on the effects of 
AR applications with regard to learning outcomes, very few articles have focused on the 
emotional side of AR usage within an educational setting and investigated positive or 
negative correlations. “No one ever studied about learning anxiety and how it could disrupt 
a student’s capacity to synthesize information he or she is trying to understand. Research 
hypothesis: The relationship between AR and learning outcome in the domain of physics is 
due to a direct correlation as it will help to increase learners’ comprehension which rely 
mainly on visual and spatial sense-making rather than reading information only from text- 
books. The researchers also want to explore how students of varying anxiety they move 
through AR learning spaces as opposed to traditional classrooms. In addressing these 
questions, the study aims to offer useful information that can be of help in transforming 
physics education for teaching as well as learning such content. 


2 BACKGROUND AND RELATED WORK 


The outreach of augmented reality (AR) has increased over the years in multiple domains 
and education is one such paragon. AR is rooted back in the late 20th century and has 
developed up till now to make learning more effective by making concepts alive. Indeed, 
research indicates that AR enhances spatial comprehension and fosters deeper conceptual 
learning across biology, history, literature-related topics. Interactive elements like real time 
feedback and dynamic content, are proven to increase student engagement whilst boosting 
motivation which results in an improved learning expenditure. Moreover, studies show that 
AR can decrease anxiety and raise students’ confidence [33]. In math classes, for instance, 
the use of AR has been proved in studies to reduce anxiety and increase student self- 
confidence. “Likewise, AR tools in acuibu learning technologies have a major exorbitant 
benefit of reduced tension around and permits the students to be more comfortable making 
mistakes,” he noted. Yet, in the context of some knowledge areas such as physics where 
many concepts are abstract, there is still far too much research to be done on understanding 
the relationship between AR and emotions during learning. In general, the possibilities for 
using AR in education are enormous, and more studies have to be conducted in order to 
clarify whether it influences learning results as well as students’ motivation and emotions. 
The purpose of the present study is to explore what has not been explored in this area as, till 
now we have only discussed and consider AR assisting education since it can play a vital role 
in decreasing anxiety and improving learning especially with subjects having major concepts 
delivered such as physics. 


3 METHODS 


The study’s focal point revolved around understanding the profound impact of Augmented 
Reality (AR) on undergraduate students, particularly in the realm of physics is as shown in 
Figure 1. A diverse group of participants was chosen to ensure comprehensive results. A 
total of 200 undergraduate students, ranging from ages 18 to 23, participated. The demo- 
graphics were varied to ensure inclusivity, with 110 females and 90 males from multiple 
ethnic backgrounds. These students were all enrolled in the same physics course at a 
renowned university, ensuring uniformity in their foundational knowledge. For the experi- 
mental design, the cohort of students was divided into two groups: AR and Non-AR. The 
AR group, consisting of 100 students, was exposed to the magnetism concepts using the 
“Tllusionary” tool, while the Non-AR group, also containing 100 students, engaged with 
traditional teaching materials such as textbooks, diagrams, and standard lab equipment. 
“Tllusionary“ was the innovative instrument at the heart of this study. This tablet and 
smartphone app replicates and projects real-time magnetic fields onto the surrounding 


627 


environment. By pointing the device near a magnet, students were able to determine the 
direction and intensity of magnetic field lines. The system also provided interactive assess- 
ments and feedback mechanisms, allowing students to swiftly assess their understanding. 

Over four weeks, students attended six sessions using traditional or AR methods, with pre- 
and post-tests assessing magnetism understanding and anxiety. Qualitative feedback pro- 
vided insights into instructional impacts. Represented in Table 1 
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Figure 1. FieldFusiinAR procedure. 


Table 1. Participants demographic information. 


Category Total Percentage (%) 
Gender 

Male 90 45 
Female 110 55 
Age 

18-19 years 70 35 
20-21 years 85 42.5 
22-23 years 45 22.5 
Ethnicity 

Caucasian 85 42.5 
African-American 30 15 
Hispanic 45 22.5 
Asian 30 15 
Other 10 5 
Major 

Physics 60 30 
Engineering 70 35 
Other Science 70 35 


The demographic details of the 200 undergraduate participants who completed the ques- 
tionnaire are provided in Table 1. The ratio of males to females was slightly balanced, with 
45% being male and claiming only 55% female. ”Age groups were 20-21 years (42.5%), 
18-19 years (35%) and 22-23 years (22.5%)“ Ethnicity consisted of Caucasian (42.5%), 
Hispanic (22.5%), African-American, American-Indian and Asian (15%) and “Other” at 5%. 
Physics/Education Majors: (30%); Engineering/Engineering Technology Majors: (35%); 
”Other Science“ (DOI Figure 1. Discovery Score by Major/career Field, Title={’italic}) 
(35%). Discussed in Table 1 
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4 FIELDFUSIONAR 


The AR app “FieldFusionAR” is an application to assist physics education It effectively 
superimposes dynamic maps of the magnetic field directly over views of the real world as 
seen through a device’s camera. Show students magnet interactions; let them play with the 
virtual magnets and follow up with reading/learning material, information pages and quiz- 
zes. This blending of reality and virtual elements in turn allows for a more hands-on learning 
approach, which then gives you a physical grasp on abstract magnetic phenomena. 


5 RESULTS AND DISCUSSION 


5.1 Pretest metrics 


There was no significant between-group differences at pre-test posttest scores for AR (M = 
52.4, SD = 11.5) and Non-AR groups [48] (Mpret-score = 53.1, SDpre-score = 10.02]. 
Meanwhile, Post-test scores indicated a significant performance in AR in E_post-test = 87.6 
than that for the Non-AR is E_post-test = 76.2 (Table 2). Although initial anxiety levels 
were similar (AR = 48.2, Non-AR = 55.6), the AR exhibited a greater reduction in perfor- 
mance compared to the post-intervention of the non-Augmented Reality group. 


Table 2. Pretest score. 


AR Group Non-AR Group 
Metrics (Mean + SD) (Mean + SD) P-value 
Pre-test Score (out of 100) 52.4 + 8.3 53.1 + 7.9 0.65 
Post-test Score (out of 100) 87.6 + 5.5 76.2 + 6.8 <0.01 
Anxiety Level (STAI score) - Pre 58.3 + 9.7 59.0 + 9.3 0.72 
Anxiety Level (STAI score) - Post 48.2 + 8.1 55.6 + 9.0 <0.01 


5.2 Performance, motivation, and anxiety 


Figures 2 demonstrate the performance, motivation and anxiety matrices for twenty parti- 
cipants (ten from AR; ten Non-AR). *Performance: Within the AR group, performance 
reaches the mid-to-high 80s, whereas in one exceptionality it reached as low as about 75. The 
Non-AR counterparts’ performance averages out at mid-to-high 70s arousal score units 
(ASUs); *Motivation: For this category of ASU among the participants targeted for AR 
users it always exceeds ‘8’.. **Among some non-affected individuals within this study our 
researcher found a motivation of falling between about ‘6’ to up past ‘7,5’. *Anxiety; Among 
all but one special participant rates below usal lay somewhere between just reaching under 
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Figure 2. The graph representation of the different emotions. 
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an average prepossessed PHQ scores level high point to something either side or down 
through near enough half way mark space on either side of that decimal resting area. Today 
their place around there tends be these figures-(naught) and mids-hus-sixthers worst ever 
case was upper fifties Just-a bit more common than that High-forties-than lower.truth. 
setVertical bars mean amounts. Metadata From the above, it is evident that AR can trans- 
form academic performance through promoting learning outcomes supporting motivation 
and minimizing anxiety; its superiority over conventional methods establishes an immersive 
and emotionally supportive approach to learning. Mentioned in Figure 2 


4.3 Recommendations 


Using AR helps us to understand even the most abstract segments of our educational pro- 
grammers. And they should be introduced gradually only after demanding topics—such as 
magnetism that can’t be physically observed without special equipment—are covered. 
Would need training for educators in addition to student feedback. More research in the 
same direction can focus on how AR affects children’s emotions, on different subjects such 
as chemistry, biology etc., and long-term learning outcomes to help make the integration of 
AR into education more considerate and effective. 


5 CONCLUSION 


The research embarked on an exploratory journey to understand the potential of Augmented 
Reality (AR) in enhancing physics education. A comparative analysis was conducted 
between students exposed to traditional teaching methodologies and those utilizing the AR 
tool “FieldFusionAR”. From the results, the AR group demonstrated a significant 
improvement in performance with an average post-test score of 87.6 compared to the Non- 
AR group’s 76.2. Moreover, motivation levels in the AR group, typically scoring above 8 
out of 10, indicated a heightened enthusiasm towards learning. Interestingly, anxiety levels, 
as gauged by the State-Trait Anxiety Inventory (STAI) scores, revealed a 
comfortable learning atmosphere for the AR group, with scores primarily in the lower 40s, in 
contrast to the Non-AR group’s mid-to-high 50s. These quantitative findings underscore the 
transformative potential of AR in academic settings. In essence, AR not only enhances 
academic performance and motivation but also fosters a conducive emotional environment, 
reducing anxiety levels. The results present a compelling case for the integration of AR tools 
in educational curricula, promising a future where learning is both effective and engaging. 
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multiplier using Vedic algorithm 
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ABSTRACT: In scientific technology and engineering software, floating-point computing 
multiplication is a basic process. However, maintaining hardware resource efficiency while 
achieving high precision is a persistent challenge. This abstract presents a novel approach to 
the construction of a single-precision Inexact Floating-Point Multiplier. Our objective is to 
take into account the unique characteristics of the sign bit, exponent bits and mantissa bits 
are parts of single-precision floating-point numbers while striking a balance between com- 
puting accuracy and hardware efficiency. In this lecture, we will look at the design process, 
accuracy analysis, and potential applications of this imprecise multiplier, demonstrating its 
ability to perform workloads involving single-precision floating-point multiplication with 
noticeable efficiency advantages. This discovery opens up new applications for computing, 
including machine learning, digital signal processing, and scientific simulations. 


Keywords: Digital Arithmetic, Multipliers, Single Precision, Floating Point Arithmetic 


1 INTRODUCTION 


The disciplines of digital signal processing, deep literacy system control, and image proces- 
sing make substantial use of floating- point matrix calculation. The system’s total perfor- 
mance is directly impacted by these calculations’ effectiveness. Several bias, similar as 
software libraries, FPGA CPUs, and GPGPUs, have lately surfaced to speed up matrix 
computations. Asco-processing units, FPGAs are especially well- suited for speeding up 
matrix computations. According to several studies, FPGAs are more productive over the 
long run than both GPGPU systems and general- purpose CPUs [11]whereas the GPU 
accelerator’s performance is largely dependent on the size of the data batch[8] 


1.1 Floating-point computation 


Floating-point computation is an abecedarian element of computer wisdom and numerical calcu- 
lation. It’s pivotal when working with real figures that have both fractional and integer factors. A 
sign, an exponent, and a significand — also known as a mantissa — represent a number in this 
system. IEEE 754 standard provides a computer representation of double floating- point figures [4]. 
The exponent has a range of(- 127 to 128) in single perfection format with an 8- bit range and a 127 
bias, and(- 1023 to 1024) in double perfection format with an 11- bit range and a 1023 bias [15]. 


1.2 Multipliers 


By adding the impact of sweats and enterprise, multipliers are potent agents that can change 
a wide range of professions and disciplines. When the acquired result exceeds or falls below 
the specified conditions, shifters are used to conduct the normalization. The left shift is 
employed if the result is in an overflow situation; else, the right shift is used[1]. 
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2 LITERATURE REVIEW 


2.1 Variable precision LSTM networks on FPGAs: Design trade-off analysis and 
Finn-l library extensions 


Vladimir Rybalkin [8] Numerous artificial neural network infrastructures, similar to inter- 
mittent networks, are well known for their capability to achieve high bracket delicacy with 
low- perfection activations and weights. 


2.2 A field programmable gate array accelerating technology which outperforms 
GPUs for bilateral convolutional neural network processing 


Li Yixing’s[9] study reveals that FPGA-grounded CNN accelerators, despite their superior 
energy effectiveness, can result in lesser outturn and energy effectiveness when training with 
double weights and activations constraints. 


2.3 Moving towards an array-based architecture to Quicken large-scale natrix 
multiplication on FPGAs 


Shen Junzhong [10] Using a scalable and adjustable multi-array design, this work seeks to 
enhance the large-scale floating-point matrix multiplying on FPGA performance., which 
addresses the limitations of recent work that primarily focused on using a direct 
systolic array. 


2.4 A floating-point multiplier designed for adaptive filter applications, which is 
based on a carry-look ahead adder 


Pathan Aneela [11] Science and engineering employ floating-point computation considerably 
for a variety of reasons. where they’re used in filtering and metamorphosis operations. High- 
speed tackle is necessary to meet the need for high-speed signal processing. A Single Precise 
Natural Logarithm Architecture for Hard Floating-Point FPGAs with DSP Capabilities [1]. 


2.5 One-precise logical logarithm of approach for hard floating-point computation 
FPGAs with DSP capability 


Langhammer’s [12] Elementary function design now provides further freedom thanks to the 
Arrial0 DSP block armature’s objectification of single perfection addition and addition. 
still, employing styles meant for microprocessors can make enforcing floating-point func- 
tions on the FPGA armature time-consuming and precious. 


3 EXISTING SYSTEM 


The processors of today require high-speed calculations. Instead of employing software, the 
CPU uses hardware to do a number of activities directly in order to achieve this. In appli- 
cations like scientific computations, image processing, and signal processing that need 
intricate mathematical calculations, arithmetic operations—which account for the majority 
of a processor’s operations—are widely used. Along as producing a carry, this also produces 
one of the result’s bits. All results are added to the previous carry if more than one line is 
present in a single step. Otherwise, the procedure is repeated as the carry is added in the next 
step [16]. Many times, division and multiplication are used in signal processing, but because 
they are repeated, they perform less well than fast algorithms, which demand more complex 
calculations. 
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4 PROPOSED SYSTEM 


The proposed system performs floating-point multiplication with high precision while 
maintaining hardware resource efficiency, utilizing two sign bits for the operation and 
executing the logical XOR to yield the resulting sign. 


Sign_bitl (xor) Sign_bit2 = Result_sign (1) 


The system aims to create a Single-precision Inexact Floating-Point Multiplier, con- 
sidering the mantissa, sign, and exponent components’ unique characteristics in single- 
precision floating-point values [3]. 


4.1 Inexact floating-point representation 


Provide single-precision floating-point numbers a dependable module with inaccurate repre- 
sentation capabilities. Sign, exponent, and mantissa components must be carefully considered 
in order to optimize the trade-off between computing precision and hardware economy. In [4] 
“A binary integer with one precision level is represented by nineteen bits in the standard 
format; the sign bit (S), exponent (E), and mantissa or fractional component are eight bits 
further on. For single precision floating point numbers, the IEEE 754 standard where 


FP No. = (=1)* x 2° Pom Ps (1 | mantissa)” (2) 


In order to facilitate a smooth integration of these elements into the overall multiplier 
design, a module should implement the relevant algorithms. 


4.2 Architecture and design of multipliers 


The architecture of the single precision inexact floating-point multiplier is designed and 
implemented in the Multiplier Architecture and Design module [16]. To add FP numbers, 
one must compare the two exponents and add the two mantissa; the larger number is 
determined by evaluating the exponents first [14]. “A typical computational block’s physical 
characteristics, or synthesis outcomes, such as area, latency, and power consumption, are 
fully defined together with the calculations exact results” [20]. 


4.3 Enhancement and performance adjustment 


Performance Tuning & Optimization Module: Create a module to improve the efficiency of 
the inexact multiplier. Four 12X12 bit multipliers are used in the creation of the 24X24 bit 
multiplier. Four 6X6 multipliers are once more used in the design of the 12X12 multiplier. 
Four 3X3 multipliers are once more used in the design of the 6X6 multiplier [6]. Throughput 
and delay are examples of performance metrics that require careful observation and analysis. 


5 APPLICATION INTEGRATION 


Combining Case Studies and Applications Section: Provide a module that applies the inexact 
multiplier to real-world scenarios such as scientific simulations, machine learning methods, and 
digital signal processing tasks. The lookup table (LUT), on the other hand, is the most plentiful 
resource in an FPGA and may execute a variety of functions with rich routing resources. High- 
performance multiplier designs can be accomplished by effectively utilizing LUTs [2]. 


5.1 Number A and number B input registers 


These registers hold the two single-precision floating-point integers that you want to multi- 
ply. 32 bits make up each operand: 23 fraction bits, 8 exponent bits, and 1 sign bit. 
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Output Sign, Exponent, and Mantissas 


Figure 1. Block diagram of floating-point multiplier. 
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5.2 Unit alignment and normalization 


This unit handles the alignment of the exponents of Number A and Number B. Floating- 
point numbers must be aligned before multiplication since they may have different expo- 
nents. It is also important to reduce the exponent. To do the normalization, a leading zeros 
counter determines how many left shifts are needed [14]. 


5.3 Multiplier (Multiplication unit) 


Using the output from the normalizing unit, this unit multiplies the fraction components of the 
aligned operands by binary. The 16x16 Vedic Multiplier is made by combining four 8x8 Vedic 
Multipliers. Finally, the 32x32 Vedic multiplier is composed of four 16x16 Vedic multipliers [4]. 


6 ALGORITHM 


Urdhva Tiryagbyham is an old Indian Vedic arithmetic sutra (recipe) for increase. The name 
in a real sense signifies “in an upward direction and transversely”. The sutra depends on the 
guideline of creating fractional items and adding them in a solitary step. It is possible to 
perform the Urdhva Tiryagbyham calculation on any basis, including decimal and paired 
bases. Since it is typically carried out using simple logic doors, it is particularly suitable for 
twofold augmentation. It was decided to apply the Urdhva Tiryagbyham sutra (method), as 
it may be applied to every multiplication situation [4]. Two can be multiplied both vertically 
and transversely, according to the Urdhva Tiryagbyham sutra [4]. Vertical multiplication 
happens directly above the multiplication and adds the result. 


Table 1. Comparison of device utilizations. 


Multiplier Device Time Delay [ns] LUTs IOs 
Using Conventional Multiplier Virtex-4 21.823 705 96 
Virtex-5 16.182 1819 96 
Spartan-6 13.141 1545 96 
Using Vedic Multiplier Virtex-4 16.076 1306 98 
Virtex-5 14.17 1545 97 
Spartan-6 9.536 2704 98 


From the Input A=2.4 and B=3.4, First extract the sign bit from both the inputs and 
perform the XOR operation. Next, Extract the exponent which is 8 bits from both the 
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numbers and add the numbers and subtract the bias value 127 from that number. Extract 
mantissa of 23 bits and apply Vedic algorithm of Urdhva Triyakbyham sutra (vertically 
crosswise method) and align the two mantissas vertically, placing one below the other. 
Construct a line diagonally connecting the alignment’s upper right and lower left corners. 
This divides the multiplication into several smaller multiplications. Along each diagonal, we 
add the numbers to get partial products. At last, combine the sign, exponent and mantissa 
values to get the output of an inexact floating-point multiplier. 


7 CONCLUSION 


Real numbers are represented with finite accuracy using three components in approximate 
floating-point multiplication: sign, exponent, and mantissa. Exponent and mantissa preci- 
sion can be lost as a result of rounding errors made during multiplication, especially if 
operand magnitudes differ significantly. Issues with overflow and underflow may also 
impact the exponent. Handling these elements carefully is necessary to reduce floating-point 
multiplication errors. 
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ABSTRACT: The establishment of a reliable and long-lasting monitoring system is a need in 
today’s society. Solar energy is a stable, dependable, and sustainable alternative that can pave the 
way to achieve this. Significant advances in the technology for unmanned aerial vehicles (UAVs) 
have been observed in recent years, particularly in the field of designs that are power-efficient and 
enable extended surveillance missions. The objective of this paper is to discuss and analyze the 
benefits of unmanned aerial vehicles (UAVs) powered by solar energy, which include reduced 
environmental impact, less logistical burden, and greater endurance. The study delves into the 
design considerations for developing solar-powered unmanned aerial vehicles (UVAs) and 
emphasizes the integration of stealth features along with increased flight time and optimization of 
energy collection. The paper aims to offer a thorough manual for designing and building a solar- 
powered aircraft that is effective for surveillance applications. The versatility of the aircraft deems 
it appropriate for a wide range of applications, thereby increasing its usefulness and impact. 


Keywords: Unmanned Aerial Vehicles (UAVs), solar panels, flight dynamics, surveillance 
systems, electric motors 


1 INTRODUCTION 


Unmanned Aerial Vehicles have advanced significantly in the modern era. The major 
emphasis has been on developing an efficient and sustainable power source that can be utilized 
for long-term surveillance missions. Solar-powered surveillance planes offer advantages of 
extended endurance and less environmental effect which offer an alternative to the conven- 
tional limits of fuel-based UAVs [7]. This paper aims to add to the growing body of knowledge 
about solar-powered unmanned aerial vehicles (UAVs) and their potential to revolutionize 
aerial surveillance and reconnaissance missions in a variety of domains, such as environmental 
monitoring, disaster response, border security, and more by addressing the operational and 
technical challenges. The development of such unmanned aerial vehicles (UAVs) has gathered 
more attention in academic and commercial enterprises recently, mostly due to the expanding 
application breadth of UAVs [6]. The goal of our project is to create a compact, hand- 
launched, solar-powered, fixed-wing unmanned aerial vehicle [10]. The cameras will be 
attached to the bottom of the plane, which will feed the entire view with the monitors con- 
nected to the cameras. The solar cells will be attached at the top for maximum and efficient 
utilization of solar energy, converted into electrical energy for motors and propulsion systems. 


2 LITERATURE REVIEW 
Research on solar-powered unmanned aerial vehicles (UAVs) and aircraft design has yielded 


a diverse range of insights and developments. Aerial surveillance using UAVs has been 
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advanced through the incorporation of live streaming, satellite view, and various drone 
models. However, concerns persist regarding the potential inefficiency and risk of crashes in 
the event of wing failure. Conflict detection based on ADS-B surveillance data has shown 
promise in aiding pilot systems and tactical separation, although its applicability is primarily 
limited to nearby aircraft and not well-suited for disaster surveillance. Efforts to extend flight 
endurance through solar power have resulted in the design of solar-powered UAVs, 
emphasizing low cost, controlled power flow, and altitude-friendly capabilities. 
Nevertheless, challenges such as the efficiency of glider models, solar radiation, and the 
impact of avionics weight on endurance have been identified. Further exploration has been 
dedicated to the efficient design of solar-powered airplanes, with a focus on combining and 
sizing parts for endurance. Additionally, research has highlighted advancements in long- 
endurance solar-powered UAVs, covering topics such as control mechanisms, power gen- 
eration, and design improvements. The investigation into light GA aircraft for agricultural 
applications and perpetual flight UAVs for gas pipeline monitoring demonstrates the wide- 
ranging uses of solar-powered aerial vehicles. As the field continues to evolve, these studies 
contribute significantly to the pursuit of sustainable aerial vehicle solutions, while addressing 
challenges such as propeller efficiency, solar cell bending, and lightweight avionics systems. 


3 METHODOLOGY 


The UAV is designed with a skin-frame structure, and all structural components are preci- 
sion laser-cut for accuracy. Assembly involves using CA glue and a hot glue gun to join the 
2D elements, followed by coating the entire UAV with laminating sheets to enhance water 
resistance and minimize damage. A conceptual design model is developed to meet mission 
requirements, estimate UAV weight, and determine the required power and area. Detailed 
design phases refine the initial sizing using theoretical concepts, incorporating individual 
component testing and analysis for optimization. First, it was decided what type of plane 
model the group wanted to make, which was narrowed down to two options: a blended wing 
or a delta wing plane. The group decided to go for the delta wing as it has the properties of a 
normal and a glider RC plane and is much cheaper to make than the blended wing model [5]. 
After that, it was discussed in terms of the dimensions of the plane, and the group started to 
design it in solid works with the help of a few references. 


3.1 Hardware usage 


3.1.1 Electronic speed controller 
It is used to control the speed of the flight throughout its entire duration. 


3.1.2 FlySky receiver (6 channel) 
It is used to receive signals from the controller and is important for calculating the range of 
the plane. 


3.1.3 1800 kV motor 
It is connected to the battery and is used to spin the propeller at the desired speed. 


3.1.4 Servo motors, servos, and push rods 
Servo motors are used to control the position and range of the plane. Servos and push rods 
are used to control the wing movement of the plane and its course. 


3.1.5 Battery 


It is used to fly the plane when the solar panels are damaged or in conditions where sunlight 
is negligible. 
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3.1.6 Propeller 
It is used for the entire duration of the flight and is responsible for the plane staying airborne. 


3.1.7 Solar Panel (0.97A/3.97V) 
It is used to fly the plane as well as charge the battery. 
Teflon foam — It is used to make the main body framework of the plane. 


3.1.8 HD FPV camera 
It is attached to the base of the plane and is connected to the device the user prefers, which 
displays a first-person view of the plane. 


3.2 System architecture 


3.2.1 Solar panels 
Solar planes integrate photovoltaic cells for direct sunlight conversion, emphasizing light- 
weight design. 


3.2.2 Electric propulsion system 
Solar planes utilize electric propulsion, driven by solar-generated power, for efficient 
performance. 


3.2.3 Batteries 

Advanced lithium-polymer batteries store excess solar energy, focusing on lightweight design 
for endurance. 

3.2.4 Power management system 

Crucial for efficient energy distribution, managing power flow from solar panels to propul- 
sion and storage systems. 


3.2.5 Lightweight construction 
Carbon fiber composites reduce weight while enhancing performance in solar planes. 


Solar Panels and Cells Covert Sunlight to Electricity 
Charge Batteries Power Management System 


Electric Propulsion System Lightweight Construction 
Energy Efficient Systems Aerodynamic Design 
a Communication and 
Flight Control System i à 
navigation System 


Figure 1. System architecture depicting the requirements and systems used for model preparation. 


3.2.6 Power-efficient mechanisms 
To reduce energy consumption and increase flight time, multi-sided solar panels and LED 
lighting are used (Figure 2). 
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3.2.7 Streamlined construction 
The streamlined design of solar planes contributes to their increased efficiency and decreased drag. 


3.2.8 Aviation management systems 
For solar-powered aircraft, advanced flight control guarantees safety, security, and oper- 
ability with functionality throughout extended flights or long missions. 


3.2.9 Communication and navigation systems 
Systems for navigation and communication are necessary for tracking position, monitoring 
the weather, and staying in contact with ground control. 


3.2.10 Lightweight and efficient systems 

Optimum performance in the desired solar planes is ensured by the efficient and durable 
selection of each componentPilot Input: To communicate with the aircraft, operators or 
pilots employ control interfaces such as joysticks or computers devices. RC pilots operate 
controls using a FlySky transmitter, sending out commands such as control inputs and 
throttle position. FlySky has a specific frequency band and protocol for transmitting com- 
mands via specific radio waves. The FlySky transmitter sends signals which are picked up 
and decoded by the aircraft receivers. 


3.2.11 ESC and servo activation 
Throttle commands regulate power to the motor via ESC (through signals that control pulse 
width modulation), while servos adjust control surfaces. 


3.2.12 Motor response 
The motor responds by spinning the propeller at the commanded speed. 


3.2.13 Propeller thrust 
Propeller rotation generates thrust, propelling the aircraft forward(see Figures 3(a), (b), 4(a), (b)). 


| Controller 


I — 
Servo & Wings 


AA Receiver n ESC | 


L 


Charge Down Solar 
| Battery Panai | 
l l 
Electric Stored 
Motor Energy 
t 


| Propeller 


Figure 2. Flowchart. 


Figure 3(a). Conceptual designs thought.[8] Figure 3(b). Top view. 


Y 
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Figure 4(a). Model made. Figure 4(b). Model made. 


4 RESULT AND DISCUSSION 


Initial test flights showed instability, but subsequent adjustments led to satisfactory flight 
stability. Highlights include a flight duration of 10-15 minutes on battery and 30-60 minutes 
with solar panels, reaching altitudes up to 300 feet. Test flights demonstrated the UAV’s 
robustness in handling collisions and the benefits of solar power integration. 


Table 1. Time of flight for different test runs of the airplane model system. 


Endurance on Battery Estimated Endurance on Solar 
Test (minutes) Panel (minutes) 
1 5 25 
2 7 30 
3 10 37 
4 12 40 
5 15 43 


4.1 Estimation formula 


The amount of energy generated by a solar panel can be calculated using the following 
formula: 


Energy generated = Solar panel efficiency x Solar panel area x Solar radiation x Time 


Where, Solar panel efficiency is the efficiency of the solar panel in converting sunlight into 
electricity, typically expressed as a percentage. The solar panel area refers to the total surface 
area of a solar panel, measured in square meters. Solar radiation is the average amount of solar 
energy received by a solar panel in a specific location, measured in kilowatt-hours per square 
meter per day. Time is the number of hours the solar panel is exposed to sunlight in a day. 

(Actual energy generation may be affected by other factors such as shading, panel tilt, 
orientation, and local weather conditions. ) 


5 CONCLUSION 


There are some future changes that the group has noticed and need to be addressed. These 
are: making the body more streamlined and leaner to cut through the air more easily; using 
lithium-ion batteries, which, although expensive, are more efficient than the current battery 
being used; improving the body material from Teflon foam to depron or carbon fiber, which 
is much more durable; and using an efficient speed control method to avoid damage due to 
full throttle. The research validates the effectiveness of the chosen delta-wing UAV design, 
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particularly with solar integration, which substantially extends flight duration. Future work 
will focus on enhancing control systems and furthering material efficiencies. Solar surveil- 
lance planes offer extended flight times, reduced fuel usage, and environmental benefits, 
promising enhanced safety and security through expansive aerial monitoring. 
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ABSTRACT: This paper presents a unique approach to study “variation of light intensity 
for different distance (lcm to 9cm)” by taking advantage of capabilities of smartphone 
sensor to explore distance variability. In advanced sensing technology, LED’s serves as 
crucial component in variety of applications.in this we have used smartphone sensor tech- 
nology to find the results. In addition, we discuss the practical application of this metho- 
dology such as prospective application in education, fast prototyping and citizen research. 
This work is contributing towards the evolution of LED technology and also giving access to 
sophisticated measuring methodologies with the help of smartphone technology, giving way 
for creative and inclusive solutions suited to different situations. For this experiment pink, 
white, red, yellow, and orange LEDs are used. And it is found that the intensity of LED light 
decreases as the distance between observer and source increases. 


Keywords: Smartphone, Light Emitting Device, Light Intensity, Phyphox, Motion 
Detectors 


1 INTRODUCTION 


Light is a form of electromagnetic radiation energy that is radiated in a range of between 390 
and 740 nanometers. The impact of the development of this smartphone is the changes in 
classroom instruction learning materials leading to the transformation of education. [8] 
Therefore, our research will apply a smartphone ambient light sensor to determine the change in 
light intensity by applying the inverse-square law of distance. The physics equation that our team 
applied in this case is the inverse-square law to describe the way light intensity change is applied 
to damped oscillatory motion and simple harmonic motion by the ambient light sensor. [4] 
Our expectation is that permitting the students to use their right cellphones will stimulate 
their choice and wish to accomplish a home-based experiment. Many students will be more 
involved and driven to finish the hands-on practice. [7] Secondly, technically, the app is a 
web server, and a sophisticated web browser is required by any remote device to connect to 
it. [1] Complex web browsers can create a web page with code that questions the app con- 
tinuously for the most recent data. A reliable network link minimizes the lag that occurs 
between the given experiments and their reaction in the graph. A simple Wi-Fi router should 
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be able to accommodate many students at once. [6] Our method aimed to use a sensor that 
could demonstrate the measured data on the monitor screen in real-time. Thirdly, using a 
phone during serious learning provides more information and potentials than every single 
time, and it contributes to better schooling. Forth, this article captures the ALS measuring 
principle and specific photometric data on the required to test physics classroom empirical 
formulas. [5] Our study focused on the influence of the source’s illuminance under various 
circumstances on the ALS at varying distances. Lights were comparatively varied, and sound 
speed was calculated using smartphone software. [2] Smartphones were utilized in 12 to 
“increase learning opportunities in varying contexts.” In the physics lab, cellphones with 
integrated sensor and post install apps can include the computation device. GPS locale 
devices, microphone computing temperatures, cameras, speakers, acceleration sensors, 
magnetic sensors, and gyroscope are among the sensors. Several writers have conducted 
using smartphone sensors in multiple physics experiments. [13] 


2 REVIEW OF LITERATURE 


Sensor technology depends on position or displacement measurements, and processes of several 
micrometers obtain them in the micrometer range. In introductory physics courses, especially in 
laboratory lessons, electronic devices have become increasingly popular. [12] Motion detectors, 
webcams, digital cameras, optical mice, and so on are all used to save experimental data in 
physics laboratories. [10] Mobile gadgets allow students to simulate physical connections and 
take data beyond school, improving their comprehension of science topics and pertinent engi- 
neering skills. Smartphones are popular among youngsters because they are more virtual and 
less expensive than most sensors designed for academic purposes. [11] A huge advantage of our 
method is that it is a periphery activity that youngsters may perform alone. Smartphones and 
tablets include an ambient light sensor that regulates the light of their display by responding to 
the light that surrounds it. [4] LEDs are used in a wide range of tight sensations, including 
advertising and displays, signage, car headlights, and plant growth, to name only a few. In 
technical data from LED producers, it comes out as the sole luminous setting that is given. 
Measuring the luminous intensity of fresh LED types is difficult since they are not sources of 
light. In addition, to experiment with a wide range of physical phenomena, teachers and scholars 
have suggested using smartphones in various physics techniques. [14] The accelerometer, parti- 
cularly the attention of mechanical experiments, is still fortunately utilized. Indoor placing and 
indoor regulation are being studied globally and hold significant commercial potential. [3] It is 
anticipated that visible light placing, an agent utilizing LEDs as a light source, will fill a gap and 
offer the user a low-cost indoor situating system. [15] 


3 MATERIAL AND METHODS 


To measure the light intensity of various LED’s, we use the simple experimental setup seen in 
Figure 1, which uses the light sensor on smartphones to detect light. An LED’s has been 
connected to the battery, which is situated on the table in a dark room, enabling it to regulate 
the amount of electrical power that is supplied to it. Situated on the table with its light 
sensor’s center facing the lightbulb is a smartphone (Samsung Galaxy S20). Using the free 
“Phyphox” app, we were able to quantify the amount of light that reaches the light sensor on 
the smartphone. The information obtained from the light sensor on the smartphone has been 
linked with information from a standard luxmeter that has been calibrated. Methods: 


1) To analyze the light intensity, we choose a dark and quiet room. 

2) And then smartphone having phyphox application (which is a free downloading app from 
Google store for android users and the App store for IOS users) installed is fixed at one 
end of a solid platform. 
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3) Now, first of all, select the light sensor to record the data in the phyphox application. 

4) After that we have calibrated our smartphone by following the instructions on screen 
which makes it easy to detect the darkness and exposing it to light to measure intensity. 
Also, Calibration makes it easy to understand if the experiment is correct. 

5) Now, we have taken multicolored LEDs (white, red, Yellow, Orange, Red) connected to 
a DC battery as shown in Fig. And we are going to use a ruler to measure distance. 

6) Now, a LED is placed 1cm away from the smartphone in such a way that smartphone 
light sensor is facing towards LED. Intensity can be observed in phyphox app. 

7) Now we slowly moved the LED at 2 cm distance without any disturbance and observe the 
reading. 

8) Similarly, we took the readings at 3cm, 4cm, 5cm, 6cm, 7cm, 8cm, 9cm. as shown in 
Figure [1], recoding the same in data sheet. 

9) Further we repeated the above steps for multicolored LEDs and recorded the data to plot 
the graphs. 


Figure 1. Setup of smartphone and LED. 


4 OBSERVATIONS 


R 


Ss Illuminance u luminance 


4000 
x 
(QB 2000 


3000 
sA 
> 2000 
> 
ú 

1000 


o 


Figure 2. Variation of light intensity for different 
distances from lcm to 9cm using white color LED 
light. 


Figure 3. Variation of light intensity for different 
distances from 1cm to 9cm using Red color LED 
light. 
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Figure 4. Variation of light intensity for different 
distance from lcm to 9cm using Orange color 
LED light. 


Figure 5. Variation of light intensity for different 
distances from lcm to 9cm using Yellow color 
LED light. 
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Figure 6. Variation of light intensity for different Figure 7. Variation of light intensity for different 
distance from 1cm to 9cm using Blue color LED distances from 1cm to 9cm using Pink color LED 
light. light. 


5 RESULTS AND DISCUSSION 


Precise explanation for graphical representation is given in above figures. In Figure 2 var- 
iation of light intensity using WHITE LED from lto9 cm can be seen, as the distance 
increases-intensity decreases. In this graph we are achieving highest illuminance. In Figure 3 
variation of light intensity using RED LED from 1to9 cm can be seen, as the distance 
increases-intensity decreases. In this graph the highest value of illuminance is slightly less in 
comparison to Figure 2. In Figure 4 variation of light intensity using ORANGE LED from 
1to9 cm can be seen, as the distance increases-intensity decreases. In this graph the highest 
value of illuminance is slightly less in comparison to Figure 113.3. In Figure 5 variation of 
light intensity using YELLOW LED from Ito9 cm can be seen, as the distance increases- 
intensity ‘decreases. In this graph the highest value of illuminance is slightly less in com- 
parison to Figure 114.4. In Figure 6 variation of light intensity using BLUE LED from 
1to9 cm can be seen, as the distance increases-intensity decreases. In this graph the highest 
value of illuminance is slightly less in comparison to Figure 5. In Figure 7 variation of light 
intensity using PINK LED from 1to9 cm can be seen, as the distance increases-intensity 
decreases. In this graph we are achieving lowest illuminance. 

This experiment investigates the fluctuation of light intensity for white, red, orange, yel- 
low, blue and pink LED’s at different distance from lcm to 9cm provided an interesting 
outcome. The above results demonstrated that as the distance increased the intensity of LED 
reduced correspondingly. However, it was clear that different LED showed variable rate of 
intensity. Brightness of White light being consistent over the distance range due to which an 
attractive constant decline in intensity is shown. As Red color have longer wavelength due to 
which intensity decreases slower as compare to other color LED. Whereas shorter wave- 
length LED like pink and blue shows a faster drop in intensity with distance, show their 
limitations in illumination setting for long range. Orange and yellow color LED shows an 
intermediate result in terms of intensity decrease, value for both shown in between blue, pink 
and red LEDs. 


6 CONCLUSION 


The above experiment aims to study the variation of light intensity with distance. The results 
show that light intensity decreases as the distance between LED and smartphone increases. 
This experiment follows inverse square law which states that light intensity is inversely 
proportional to distance from source. Using data analysis in an app can enhance experiment 
accessibility and modify its focus. The experiment is easily accessible and generates interest 
in the process of obtaining a height difference outside of classroom settings. A straight line 
best matches the experimental data. It’s important to remember that at small distances, the 
fit is more susceptible to errors in measuring the distance from the LED to the sensor. This 
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experimental result not only provide fundamental principles but also have practical use for 
LED’s lighting design where it is very difficult to study the behavior of light intensity with 
distance for getting desired illumination levels and energy efficiency. 
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ABSTRACT: Just like the human being, animals also have the probability to come across the 
region of electromagnetic waves. The incident electromagnetic radiation on animal body pene- 
trates inside the body and have some adverse effects on the internal organs of the body. The aim of 
this manuscript is to calculate the penetrated electric field induced inside the organs of the animal. 
It is observed from the analysis that the electric field around the tower exceed the boundary limit 
which are issued by ICNIRP. The electric field inside the heart of the animal is decreased by 0.9% 
than the external electric field. This shows the absorption of extra amount of energy within the 
organ which may be harmful to the health of animal. This analysis recommended that more 
research is required in this field to protect animals from the exposure of radiations. 


Keywords: Transmission towers, Animal Tissues, EMR exposure, Electromagnetic radia- 
tion, Electric Field 


1 INTRODUCTION 


In this manuscript, the bioeffects of electromagnetic radiation on animal organs are studied. 
Before discussing the bioeffects, some information about EM radiation is also required. The 
Electromagnetic waves emitted from the transmission towers are the form of radio waves. These 
towers are used for broadcasting television and radio signals along with communication purposes 
like for mobile phone networks. The frequency of the electromagnetic waves depends on the use of 
the tower. The transmission towers emit EM waves in the transmit signals to receivers like tele- 
visions, radios or mobile phones. The EM signals travel in the air and received by antennas that 
are tuned to the specific frequency. Since the EM waves follow the inverse square law, the strength 
of the electromagnetic signal decreases with respect to the distance from the tower [6].Many 
factors contribute to influence the health of animals including climate change, environmental 
factors, surveillance systems, and several socio-economic factors. The change in climate impacts 
the health of animal by altering disease patterns and determinants of health like food and water 
security. The environmental factors such as temperature, and humidity also play a crucial role in 
health of animal [10]. The Effective surveillance systems are essential for maintaining the animal 
health. The Environmental factors such as Electromagnetic Radiation (EMR) emerging from 
sources like high-voltage transmission lines, mobile phones, and Wi-Fi can significantly affecting 
the animal health. EMR exposure has been associated to various health issues in animals such as 
neural damage, reproductive problems, locomotory defects, memory loss, heart and muscle 
electrical-information, and behavioural alterations. The radiation exposure may lead to increased 
cancer risk, cardiovascular effects, cataracts, shortened lifespan, and impacts on reproduction, 
immune, and gastrointestinal systems. Animals are particularly vulnerable to radiation con- 
tamination due to grooming behaviours and consumption of contaminated food and water, which 
can result in both external and internal contamination [4]. The effects of electromagnetic radiation 
on animal organs depend on numerous factors such as frequency of wave, intensity of wave and 
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duration of the exposure on the body of animal. When the high frequency EM waves incident on 
animal body due to the absorption of excess amount of energy by the tissue can cause the heating 
of the tissue and may lead to the damage of the tissue. When an animal is exposed to an electric 
field, despite the general belief that the bulk conductivity of biological tissue prevents field 
penetration, studies show that significant electric fields can indeed occur inside the animal due to 
transient responses. Historical experiments have demonstrated that high-voltage electrostatic 
fields can affect various biological functions in animals, such as weight, sperm Vigor, and immune 
system responses. The exposure to electric fields can lead to reduced mobility in fruit flies and 
create directional effects, with prototypes showing the ability to suppress penetration by flying 
and crawling insects at high field strengths. Understanding the induced currents inside an animal’s 
body is crucial in assessing the biological effects of electric fields, with research proposing tech- 
niques to calculate these currents for both humans and animals [13].The exposure of EM radiation 
also affects the immunity and reproductive power of animal including the lack of fertility that 
depends on the duration of the exposure. The behavioural changes in the animals are also 
observed in some studies. The prolonged exposure of EM radiation may cause of various diseases 
in the animals. The International government agencies has been established some guidelines to 
protect the environment and human being from the exposure of nonionizing electromagnetic 
radiation. The organisations such as The International Commission on Non-Ionizing Radiation 
Protection (ICNIRP) issued some limitations for the exposure of non-ionizing EM radiation for 
all aspects of NIR protection. The Previous research studies have reviewed bioeffects of EM 
radiation and results the harmful effect on the health of living beings [5].Exposure to electro- 
magnetic waves, particularly from devices like mobile phones and high-frequency electromagnetic 
fields, can have significant effects on animal organs. Studies have shown that exposure to EMR 
can lead to histological changes in organs such as lungs, hearts, spleens, brains, livers, kidneys, 
and more, including necrosis, congestion, edema, and degenerations. The exposure to EMFs can 
result in the production of free radicals, specifically hydroxyl radicals, in tissues like the brain, 
liver, heart, and kidney [11]. These changes can impact blood parameters, leading to increases in 
platelets, bleeding, clotting time, and alterations in electrolyte concentrations. Overall, prolonged 
exposure to electromagnetic waves can induce oxidative stress, inflammatory responses, and tissue 
damage in various organs of experimental animals, highlighting the potential risks associated with 
EMR exposure. High-frequency electromagnetic radiation (EMR) impacts animal tissues in var- 
ious ways. Studies show that EMR at 42.2 and 50.3 GHz intensities induces oxidative stress, 
enhancing lipid peroxidation in the brain and liver of rats. Additionally, highly excited animals 
with low nervous system excitability are more susceptible to chromosomal damage from high- 
frequency EMR [1]. On the other hand, the application of high-frequency EM waves on muscle 
contusions in rats demonstrates therapeutic effects by reducing muscle swelling and inflammation, 
potentially through anti-inflammatory actions. Furthermore, investigations on the mortality of 
rats exposed to EM radiation at different frequencies reveal varying effects on physiological 
parameters and tissue damage, with frequencies like 250 Hz causing significant mortality and 
cellular destruction in liver tissues.The study is done for the calculation of electric field inside 
abdominal and the thoracic regions of the animal. The penetrated electric field inside the organs 
such as Aorta, Bladder, Blood, Colon, Esophagus, Fallopian tubes, Fat, Gallbladder, Heart, 
Kidney, Liver, Lung, Muscle, Ovary, Pancreas, Skin, Small intestine, Spleen, Stomach and 
Uterine matrix are calculated and compared with the radiation protection guidelines. The 
dielectric properties of the animal tissues play an important role to calculate the value of pene- 
trated electric field inside the organs. 


2 REVIEW OF LITERATURE 


The increasing number of transmission towers can have adverse effects on the health of animals due to 
exposure to electromagnetic fields. High-voltage power lines have been linked to biological effects on 
plants and animals, including humans, such as changes in growth patterns and behavior. Animals near 
ground faults on transmission lines may be at risk due to high potentials acquired by towers, potentially 
presenting hazards. Additionally, overhead power cables passing through cattle farms did not show 
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apparent effects on health, behavior, or performance in a two-year study, suggesting varying impacts on 
different animals.A data collection of dielectric properties of tissues of animal “in vivo” in the abdominal 
and the thoracic regions are provided in the previous study. According to which the obtained data 
included the Cole-Cole fitting parameters of the calculated tissues which help in the evolution of wireless 
body area network in the frequency range of 0.5 GHz to 26.5 GHz [2]. The dielectric properties of the 
tissues of animals play a crucial role in numerous applications such as electromagnetic modeling, human 
protection from non-ionizing radiation, and microwave imaging for biomedical research. The previous 
studies have shown significant changes in dielectric properties between within the living organism and 
outside the living organism, and for different animal species. These properties are required for calculating 
specific absorption rates, to ensure the safety of electromagnetic devices in medical field and for 
advancing human body modeling for medical applications. The location of tissues within the body can 
also impact their dielectric properties as observed in the studies to evaluate fat samples from different 
locations in athymic nude mice [12]. The dielectric properties like effective conductivity and relative 
permittivity are intrinsic parameters that determine the interaction between matter and electromagnetic 
fields in various disciplines [3]. The non-ionizing electromagnetic fields (EMF) have shown various 
bioeffects on animals. These effects include migration, disruptions in orientation, food finding, mating, 
reproduction etc. The past studies have discussed about the genotoxicity, changes in gene expression, 
DNA damage and the activation of stress response genes in animals, when exposed to EMF. The effect 
of EMF on wildlife is a topic to concern with observed adverse effects on various species such as 
mammals, insects, birds, reptiles, amphibians, and flora. The EMF exposure has been associated to 
alterations in sexual function, spermatogenesis and neurodegenerative changes in animals. The complex 
interactions between non-ionizing EMF and animals highlight the requirement for further research to 
protect wildlife from the harmful effects of ambient EMF exposure.High-frequency electromagnetic 
radiation (EMR) can affect the animal tissues in various ways. A past Study shows that the EMR of the 
frequency 42.2 GHz and 50.3 GHz induces oxidative stress which enhance the lipid peroxidation in the 
brain and liver of rats [14]. The highly excited animals with low nervous system excitability are more 
susceptible to chromosomal damage from high-frequency EMR. Furthermore, investigations on the 
mortality of rats exposed to EM radiation at different frequencies reveal varying effects on physiological 
parameters and tissue damage, with frequencies like 250 Hz causing significant mortality and cellular 
destruction in liver tissues [7]. When the animals exposed to long-term electromagnetic fields they exhibit 
various physiological responses. Studies show that prolonged exposure to non-ionizing electromagnetic 
fields can induce stress in animals due to motion restriction means the effect influenced by the position of 
the animal in the EM field [11]. During the growth period and pregnancy in rats the exposure to mobile 
phone and Wi-Fi radiation can result in oxidative stress in uteri. This can be the cause of decreased 
hormone levels in maternal rats, and increased oxidative uterine injury in growing rats [15]. Also, the 
prolonged exposure to electromagnetic fields can lead to oxidative damage in the spleen and liver, 
affecting hepatic and immunologic functions in rats [9]. These findings highlight the diverse impacts of 
prolonged electromagnetic field exposure on animal health. 


3 > METHODOLOGY 


Measurement of electric field around the Source of EM waves: The number of transmission towers 
are getting large regularly. The transmission towers are the big source of electromagntic waves due 
to which an electric field is produced around it [8]. The generated electric field is given by 


P 
Ey = 7746. (1) 


where P denotes the power of the mobile phone of the transmission tower. Here we are calculating 
the external electric field for the power of 120W. After solving it, the electric field around the 
tower becomes 


84.853 
E r 


0 


(2) 
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Hence the external electric field becomes 
Eo = 84.853V/m (3) 


Determination of skin depth inside the body: The skin depth inside the body of animals is 


calculated by the formula 
1 
ô= | — 4 
\ onfuno o 


Where o, u, and ug are conductivity of the skin, relative permiability and permiability of free 
space. f is the frequency of the EM wave incident on the body. 

Determination of electric field within the body of animals: When the electric field produced 
around the tower, incident on the body of animals, it is penetrated inside the body. The electric 
field inside the body become 


Ez = Ege 7/9 (5) 
Where ô is the skin depth that is a frequency-dependent parameter. z is the penetration depth and 
Ez is penetrated electric field inside the body. 
4 OBSERVATIONS 
When the EM waves emitted from the transmission tower of high frequency incident on the body 


of the animal, the waves penetrate inside the body and affect the internal organs. Some of the 
organs are studied in this manuscript. 


Table 1. The electric field inside the animal’s organs. 


S. Conductivity Relative Penetrated electric 
No. Tissues Name o (S/m) Permeability ur Skin depth 6(m) field Ez(V/m) 
1 Aorta 0.291 1.52284E+16 0.338283913 84.59955 
2 Bladder 0.659 3.8961E+16 0.140539169 84.2484 
3 Blood 0.027 2.18447E+16 0.927258505 84.75854 
4 Colon 0.24 1.91489E+16 0.332183003 84.59495 
5 Esophagus 0.001 4.61538E+16 3.314754776 84.82441 
6 Fallopian tubes 0.496 2.52101E+16 0.201385116 84.42971 
T Fat 0.139 2.11168E+15 1.31441777 84.78547 
8 Gallbladder 0.73 1.69492E+16 0.202451002 84.43192 
9 Heart 0.701 5.4878E+16 0.114814573 84.11419 
10 Kidney 0.353 2.13777E+16 0.259231513 84.52332 
11 Liver 0.587 4.34783E+16 0.140961406 84.25019 
12 Lung 0.089 2.81955E+15 1.421577488 84.79033 
13 Muscle 0.103 3.11419E+16 0.397616509 84.63687 
14 Ovary 0.029 3.50195E+16 0.706645605 84.73001 
15 Pancreas 0.076 4.02504E+15 1.287547331 84.78413 
16 Skin 0.129 7.91557E+15 0.704724673 84.72968 
17 Small intestine 0.425 3.52941E+16 0.183869512 84.38978 
18 Spleen 0.1 3.0303E+16 0.40908384 84.64284 
19 Stomach 0.454 3.67347E+16 0.174377005 84.3648 
20 Uterine matrix 0.417 3.34572E+16 0.190652372 84.40611 
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Figure la. The variation of conductivity and Figure 1b. The penetrated electric field of given 
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5 RESULTS AND DISCUSSION 


The variation of conductivity and skin depth of the tissues of the animal is represented in Figure la. It is 
observed that for esophagus of animals the conductivity is very less while the value of skin depth is very 
high.In this manuscript, we are presenting the calculations of the penetrated electric field inside various 
organs of animals. Figure 1b represents the observed changes in the external electric field at a depth of 1 
um inside the body organs of the animal. Different organs exhibit different characteristics after the 
incidence of EM radiation which depend upon the dielectric properties of the animal’s tissues. In the 
aorta, the external electric field is decreased by 0.3%, while in the bladder and blood tissue, the reduction 
in the external electric field is decreased by 0.7% and 0.1%, respectively. The penetrated electric field 
inside the colon and esophagus is decayed by 0.3% and 0.03% respectively than the incident electric field. 
In the fallopian tube and body fat of animal, the reduction in the external electric field is observed 0.4% 
and 0.07% respectively. The decay of 0.5% and 0.9% are recorded in the gallbladder and heart of the 
animal than the external electric field emitted from the transmission tower. The penetrated electric field 
is decreased by 0.4% and 0.7% inside the kidney and liver of animals respectively. The reductions of 
0.07% and 0.3% in the incident electric field are recorded in the lung and muscle of animals respectively. 
In the ovary and pancreas of the animals the decay of 0.1% and 0.08% are recorded in the penetrated 
electric field while in the skin and small intestine of the animal body a decay of 0.1% and 0.5% in the 
external electric field are observed. The incident electric field is decreased by 0.2% and 0.6% inside the 
spleen and stomach of the animal body. The external electric field decreases by 0.5% in the uterine 
matrix after penetrating 1 um into the organ. Therefore, the overall analysis of the Table 1 and Figure la 
represents that the amount of penetrated electric field in heart is maximum even in esophagus it is 
minimum. Exposure to electromagnetic fields (EMFs) can have significant effects on the hearts of 
animals. This result indicate that the heart absorbs an excess amount of energy which may be harmful 
for the health of animals and exhibits various diseases in the animal species. The EMF exposure can lead 
to histopathological changes in the heart, including apoptosis, muscle fiber degeneration, and cellular 
infiltration. It may also the cause of structural changes in the heart, alterations in heart rate, and 
disturbances in cardiac function. During adolescence it has been found to impact heart health in 
adulthood, with changes in oxidative stress markers and antioxidant levels observed in EMF-exposed 
animals compared to control groups. This result bring attention to the importance of further research in 
this area for understanding the associated risks with electromagnetic radiation. 


6 CONCLUSION 


The electric field inside the organs of animal at a depth of lum is calculated in this manuscript. 
For the frequency band of 2 GHz to 300 GHz, the reference level of time varying electric field are 
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137 V/m and 61 V/m for occupational and general public exposure respectively. It is evident from 
the observations that the electric field generated around the high frequency transmission tower 
exceeds the limits according to the ICNIRP guidelines [5]. The observed value of the electric field 
around the tower is 84.853 V/m which is very high than the reference limit of general public 
exposure. It is concluded that when the electromagnetic waves incident on animal body, the 
absorption of energy by esophagus and the heart is minimum and maximum respectively. Thus, 
the exposure of electromagnetic waves may be more harmful for the heart of the animal. This 
study suggest that more research must be done in this area for the betterment of the animal health. 
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ABSTRACT: The current invention concerns a new design of an exhaust pipe for auto- 
mobiles which is shunting. The elements that are included in the design are as follows: the 
outlet pipe body, baffler, cooler, cooler, liquid filter, exhaust supervisor, and catalyzing 
units. A baffler is a U pipe that is connected to the outlet pipe body with pipe boxes, and a 
cooler is permanently attached to the output pipe body. There is also a short connecting 
tube, fixed tube, and a branch chamber with two gas branch pipes, each composed of a 
baffler and catalyzing units. The innovation, therefore, has a lot of potential for the 
improvement of the performance and efficiency of an automobile exhaust pipe. 


Keywords: Exhaust Pipe Design, Automobile, Shunting, Baffler 


1 INTRODUCTION 


Shunting-capable exhaust pipe is a novel approach from conventional exhaust pipes. The design 
is engaging a dual-pipe system that separate and divert the direction of exhaust gases away from 
one another. The first pipe collection and channels the exhaust gas to the inlet and outlet [1] of the 
catalytic converter, an emission control equipment that minimizes pollutants exit from vehicle. 

The shunting-capable exhaust pipe should be equipped with the second pipe that shunts the 
exhaust gases towards an exhaust gas recirculation system. This technology involves shunting 
some portion of the exhaust gases back into the engine’s combustion chamber. Thus, the 
formation of nitrogen oxides is decreased due to lowering the temperature of the combustion 
[2]. The shunting-capable exhaust pipe may have several advantages comparing to the tradi- 
tional exhaust pipe. Firstly, the amount of NOx, CO, and hydrocarbons is released reduced. It 
is because the exhaust gases are shunting to the catalytic converter and EGR system. 

Secondly, the shunting-capable exhaust pipe can indeed increase the engine’s working 
efficiency. As the exhaust line recycles a portion of the burned-out gases to the motors’ fuel 
combustion department explained by [3]. Thus, the temperature of the combustion is 
decreased, and less fuel is spent on producing the intended amount of power. 

Thirdly, the shunting-capable exhaust pipe design can actually help increase the life cycle of 
the catalytic converter. In the previously mentioned pipes, the catalytic converter gets exposed 
to extreme heat emanating from exhaust gases while at high temperatures. Thus, reducing such 
exposure will help increase the life of such a pipe and alleviating maintenance costs. 

The use of the new exhaust pipe design could entail modifications to the existing engine control 
system for the respective vehicle. For example, the EGR system should be reprogrammed to fit 
the new exhaust pipe design. Further, the orientation of the exhaust pipes could be redesigned to 
allow proper fitting between the existing and the new exhaust system. 
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2 RELATED WORK 


Nowadays, a steamer has been replaced by automobiles and has become one of the main 
means of transportation for people. Thus, the engine used in the automobile at this time is 
using an internal combustion engine, which was powered by petrol or diesel oil of gasoline. 
However, when using petrol or diesel oil, tail gas is generated and must be output from the 
output pipe. The road network in India has developed much slower than the number of 
vehicles on the road. Together with the back design, manufacture, maintenance, and the lack 
of law adherence of many drivers, the road is fully crowded [4]. For this reason, many 
accidents occur, which could result in a car fire. 

Another area in which the car produces a great deal of negative effect is noise pollution, 
which is considered one of the most severe ecological problems [5]. Research shows that 
“motor vehicles are responsible for 85.5 % of urban traffic noise due to human activities”. 
Noise levels should be reduced, and energy efficiency should be improved by cars with 
respect to “the developments in the field of energy saving and emissions”. 


2.1 The Dominance of internal combustion engines 


e Discuss the current application of internal combustion engines in cars and the use of 
petrol or diesel gas for operation. 
e Explain the matter of tail gas and the need to have output pipes for drainage. 


2.2 Road expansion and congestion in India 


e State the condition in India where the development of road networks is yet to match the 
rise of automobiles and other vehicles. 
e Discuss the outcome such as traffic congestion and road accidents. 


2.3 Concerns with vehicle design, manufacture, and maintenance 


e Emphasize the necessity of appropriate roadworthy design, production, and maintenance 
of the cars for the safety of the road. 
e Outline the possible problems that might occur if the considered factors are not done correctly. 


2.4 Driver behavior and traffic laws 


e Point the influence of designing cars, following the traffic rules, and drivers’ behavior on 
the road safety. 
e Explain how traffic law violations can cause accidents and car blasts. 


2.5 The dangers of car fires 


Discuss the risks associated with car fires, including injury and property damage. 
Car turning on a flame may lead to the death of the driver and become a potential threat 
to anyone in the close vicinity. 


3 NOVEL DESIGN FOR AN AUTOMOBILE EXHAUST PIPE WITH SHUNTING 
CAPABILITIES 


The purpose of this research is examining an innovative vehicle exhaust pipe that may be 
controlled in the dimension of shunting. The exhaust pipe for vehicles is simple as follows: 
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outlet pipe body, pipe box, baffler, cooler, liquid filter, outlet pipe [6,7], connect short tube, 
fixed tube, exhaust supervisor, filter screen, branch chamber, first row gas branch pipe, 
second row gas branch pipe, baffler, first ternary catalysing unit, second ternary catalysing 
unit, first ram’s horns, tap hole, and second ram’s horns. 

The baffler connects to the outlet pipe body using pipe boxes, and it is permanently 
attached to the output pipe body through the cooler to control the temperature. The exhaust 
pipe has a liquid filter and a short connecting tube to be connected to the fixed tube, and 
another one permanently attached to the exhaust supervisor. 

The first-row gas branch pipe and the second-row gas branch pipe are two supplementary 
gas branch pipes within the branch chamber [8]. The first-row gas branch pipe is the first 
ternary catalysing unit that contains the first ram’s horns on the side. The second-row gas 
branch pipe is the second ternary catalysing unit that contains the second ram’s horns on the 
side. The direction of the gas flow is controlled through bafflers in the first-row gas branch 
pipe. The bafflers in the second-row gas branch pipe are used to minimize emissions through 
the use of catalyst. A schematic diagram of the testing set is given in Figure 1. 


Engine 
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Orifice 
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Figure 1. Schematic diagram of the experimental setup. 


It is envisaged that the suggested shunting-capable exhaust pipe design could aid in 
enhancing the performance of exhaust systems in an automobile. As a result, this research 
will investigate the development, formulation, and execution of the new exhaust pipe to 
determine how well it minimizes emissions and boosts engine efficiency. The baffler is in 
many pieces and sometimes mixed with other items; however, it is positioned within the 
output pipe body. The cooler is permanently connected to the output pipe body and posi- 
tioned on the axis of the pipe [9]. The exit pipe is entirely connected to the cooler and is 
always seen at the bottom end of the cooler. The cooler’s side pipe has a liquid filter. A short 
tube, permanently attached to it, acts as a connection to the cooler. A connecting tube that 
links the short tube to the cooler is usually permanent. The connecting tube is fixed to 
another tube, to the left of the fixed tube, which is also permanent. 

In positioning the branch chamber, the first-row gas branch pipe is situated permanently 
in one end of that branch chamber. In the first-row gas branch pipe, there exists the first 
ternary catalysing unit, and the first ram’s horns are noticeable in study [10]. The first-row 
gas branch pipe is positioned permanently in the first storms horns. Conversely, the second 
row of the gas branch pipe lies at the adverse end of the branch chamber. The second-row 
gas branch pipe, which gets the second ternary catalysing unit, is permanently joined to the 
second ram’s horns, which is apparent on the second ternary catalysing unit’s side [11,12]. 
Also, the first-row gas branch pipe and the second-row gas branch pipe contain bafflers. 
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3.1 Components of the exhaust pipe 


e Discuss the different components of the exhaust pipe [13,14], including the outlet pipe 
body, baffler, cooler, liquid filter, and connecting tubes. 

e Explain how these components work together to regulate temperature and minimize 
emissions. 


3.2 Gas flow and emissions reduction 


e Describe the function of the branch chamber and gas branch pipes in controlling gas flow 
and reducing emissions. 
e Explain the role of the ternary catalysing units and ram’s horns in minimizing emissions. 


3.3 Design, construction, and operation 


e Discuss the design and construction of the shunting-capable exhaust pipe [15], including 
how the different components are connected. 
e Explain how the exhaust pipe operates to improve performance and reduce emissions. 


3.4 Effectiveness of the new design 


e Evaluate the effectiveness of the shunting-capable exhaust pipe design in reducing 
emissions and improving engine performance. 

e Discuss any limitations or challenges associated with implementing the new design in 
automobiles. 


There are multiple elements incorporated in the exhaust pipe to enhance its performance, as 
well as minimize the emissions. A baffler is in the outlet pipe body and connected to it 
through pipe boxes. There is also a cooler permanently connected to the output pipe body to 
control temperature. The lower part of the cooler contains an exit pipe that is attached to a 
small tube, which is then permanently connected to a fixed tube. The fixed tube is also linked 
to the exhaust supervisor. 


Table 1. Provides the testing metrics for different engine speed and gauge pressure. 


Gauge pressure 


Engine Speed in RPM 0.1 Bar 0.3 Bar 0.5 Bar 
1400 i v J 
1750 J J J 
2000 J y y 
2500 y y K 
3000 y y J 
3500 K K y 
4000 ý y y 
4500 y y x 
5000 J x E 


Finally, there are two more additional gas branch pipes in the branch chamber. These are the 
first-row gas branch pipe, comprising the first ternary catalyzing unit and the first ram’s horns, and 
the second-row gas branch pipe, comprising the second ternary catalyzing unit and the second ram’s 
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horns. Baffles are fixed in the first-row gas branch pipe to throttle gas and stack emissions, while the 
unit control on the second-row gas branch pipe is reduced by catalysts. From the research con- 
ducted, the proposed exhaust pipe design with shunting capability has proven to be able to help 
improve the performance and efficiency of automobile exhaust systems. This study will then pro- 
vide details about how the proposed exhaust pipe is designed, constructed, and operated to deter- 
mine whether it can be effective in emulsifying emission and increase engine power. 


4 CONCLUSION 


In conclusion, this paper explores the possibilities of the development of a new shunting- 
capable exhaust pipe design for cars. An exhaust pipe consists of a baffler, cooler, liquid filter, 
fixed tube, exhaust supervisor, and many gas branch pipes, all of which have been clearly 
described. The use of these pars has been explained, such as installing the baffler into the outlet 
pipe body. By reducing noise pollution and tailpipe emissions, this new type of exhaust pipe 
can improve the performance and environmental impact of cars. More exploration and testing 
are needed to determine the actual applicability of this idea. Overall, this paper provides useful 
information on the creation of more useful and environmentally friendly car technologies. 
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ABSTRACT: Over the years, Augmented Reality and Virtual Reality have experienced a 
remarkable increase in popularity and recognition as two prominent technologies. AR uses 
real-world settings while VR uses virtual settings. Both provide mesmerizing experiences, but 
they differ in their fundamental principles and properties. This article aims to provide a stan- 
dardized comparison of AR and VR, focusing on examining aspects in a structured manner. 
These two technologies are used in various domains like education, research on the technical 
level, military affairs, gaming, etc. These technologies have increased access; thus, the paper 
composes different areas of principles that have been utilized by augmented reality and virtual 
reality. Based on some research the paper discusses several pledged areas of health, and 
medicine as well as important gaps and directions for future research AR, VR, and MR 
(Mixed Reality) find applications in the medical field, particularly in areas like medical edu- 
cation and neural networks. The future of virtual and augmented reality is now becoming 
more technological, each day new solutions and products are introduced in the market. 


Keywords: Augmented reality (AR), Virtual reality (VR), neural networks, medical educa- 
tion, mixed reality, gaming, etc. 


1 INTRODUCTION 


Virtual reality was born to create an artificial environment for software and present it to the 
user. It suspends the belief. It is experienced through two senses- sight and sound. Moto is to 
create an immersive experience where the user feels “presence”. VR is designed to engulf the 
user within a virtual setting. A VR system commonly employs a head-mounted display along 
with an array of sensors to monitor the user’s movements and transmit the relevant visuals/ 
feedback, resulting in the experience of actively engaging with the virtual realm. The virtual 
reality industry has been working on improving the feeling of being fully immersed in a 
virtual world [1]. One way to achieve this is by combining various elements such as sound, 
simulators, and the surrounding virtual environment in a way that they work together and 
reinforce each other, leading to a heightened sense of immersion in VR [1]. An additional 
illustration involves offering users a range of locomotion techniques that enable them to 
navigate and move within the virtual reality (VR) environment. This provides a more 
immersive experience by allowing users to directly control the movement of the virtual 
simulator. By improving the level of immersion, realism, and enjoyment, these techniques 
aim to provide users with a better and more. Satisfying VR experience [1]. This Virtual 
reality entails substituting the entire physical reality with a virtual counterpart, enabling 
complete immersion for the user whereas Augmented reality typically utilizes transparent 
lenses or a pass-through camera, allowing users to view the real world in real-time with 
virtual elements overlaid or integrated into the camera output. Both VR and AR applica- 
tions present opportunities for honing muscle memory and improving situational awareness 
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by providing controlled and repeatable scenarios [6]. These technologies present novel 
approaches to visualize and manipulate data, making them highly suitable for diverse edu- 
cational applications. 


2 REVIEWS OF PAST RESEARCH 


It has been observed that the problem of extended reality (XR) in education is a lack of 
consensus on the best practices for implementing XR in learning due to technical limitations 
and the cost of XR devices and software [6]. We have noticed that User Profiling in extended 
reality (XR) is a privacy concern, as it means that user’s privacy could be compromised even 
when they are using XR devices [7]. Here are some broad categories to consider: 


Vocational Training Programs 

Music and Fine Arts instructions 

History and Geography Lessons 

STEM (Science, Technology, Engineering, and mathematics) education. 


Apart from this, there is a vast range of applications these technologies can support. It 
provides a great help in medicine to perform surgical operations, surgeons must keep the 
patient’s pathology and anatomy in mind during the surgery which can make their job more 
difficult. Medical visualization with patient information and anatomy reports with virtual 
augmented reality technology can be used to assist the doctor in executing a surgical procedure 
and it gives the user direct access to see data from their perspective rather than relying on 
external displays or viewpoints [2]. The needle insertion process can be more accurate with 
proper hand-eye coordination with the help of AR display techniques [5]. The technology used 
to display the real-life picture in front of the user with head-mounted augmented reality, it 
enhances the precise information which makes it more popular to use in communication 
technology [3]. Augmented Reality (AR) systems employ a range of technologies, including 
wearable AR devices. However, it’s worth noting that the video is see-through.(VST) and 
optical see-through (OST) Head head-mounted displays (HMDs) may not consistently achieve 
a seamless pairing of virtual and real components in a special setting, which can hinder 
accurate user interactions between tangible and digital entities, potentially leading to mis- 
perceptions [4]. The sweeping embrace of Augmented Reality and Virtual Reality, known 
collectively as Extended Reality (XR) is primarily propelled by technological advancements 
and the increasing need for remote connectivity. Has led various successful applications, 
including remote surgery, telerobotic, and virtual offices [6][7]. Now a question arises. 


3 AR AND VR TRENDING 


The problem that has been derived from the Industrial Augmented Reality (IAR) system is 
the lack of IAR hardware that is readily available, and their need for communication 
architecture that can support low latency and QoS-aware applications [8]. In the restaurant 
business, the main factor that decides its success and its failure is customer satisfaction, 
dissatisfaction can lead to lower profits, business failure, and damage to the business repu- 
tation but it can be difficult to measure and improve [9]. We need to create a colorization 
technique that considers the background for use in augmented reality applications. The color 
of virtual objects should be set in accordance with the real background to improve their 
realism and visibility, while also considering the user’s preferences and the goal of the AR 
application [10]. This means that AR cannot be used to improve the efficiency of assembly 
processes where workers need to be able to see their surroundings clearly [12]. The issue with 
existing augmented reality devices is bulky and require mechanical movement, which limits 
their applications in manufacturing, healthcare, and education. Some AR Devices require 
mechanical movement, such as rotating mirrors or lenses, which can be unreliable and break 
easily [13]. 
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4 APPROACHES AND STATEMENTS THAT WELL SUITES THE TECHNOLOGY 


Therefore, we can explore how AR can be controlled to maintain and strengthen endangered 
languages, cultural traditions, and historical sites [1]. Use VR to explore complex ethical 
dilemmas. Develop scenarios that challenge users to make difficult moral choices, fostering 
compassion, about ethics in various contexts [17]. Prioritize neurodiversity in AR and VR 
design. Consider how these technologies can be made more accessible and comfortable for 
individuals with various neurological profiles, ensuring that experiences are inclusive [16]. 
We found that by investigating how VR can empower individuals with disabilities. We 
Create VR environments that allow users to overcome physical limitations and experience 
activities they might not have access to [15][19]. Shown in Figure 1. 


Mixed Reality (MR) 


A 


Real Augmented 
s Virtuality 
environment 
Augmented Virtual 
reality (AR) Environment 


Figure 1. [20] Reality-virtuality (RV) continuum. 


In the above Figure (1), the mixed reality and virtual reality continuum was proposed in 1994. 
The continuum is a conceptual model that illustrates the range of possible experiences that can be 
created by combining real and virtual worlds [18]. Mixed Reality (MR) is used to describe any 
technology that is false between the two extremes of the continuum. At one end of the spectrum is 
the real environment, where users experience the world without any virtual elements. At the other 
end of the spectrum is virtual reality (VR), where users experience a completely computer- 
generated environment. AR and AV lie on the spectrum between tangible reality and virtual 
reality. In AV, users experience a real-world environment with virtual elements added to it [17]. 
Figure (1) also shows several examples of different RV technologies, such as head-mounted dis- 
plays (HMDs), augmented reality glasses, and virtual reality environments [19]. Figure (1) also 
shows two arrows, one pointing from left to right and the other pointing from right to left. The 
arrow pointing left to right represents the increasing amount of virtuality in an MR experience. The 
arrow pointing from right to left represents the increasing amount of reality in an MR experience. 


Figure 2. [20] Summary of VR& AR research. 


The depicted Figure 2 illustrates the principal discoveries derived from the study 
expanding the scope of research through the incorporation of virtual and augmented reality. 
The investigation has revealed a notable absence of uniformity and agreement in the defi- 
nition exploring the practical application of VR and AR [12]. While the tourism industry has 
increasingly embraced AR/VR research for promotional and marketing purposes, it is worth 
noting that a deficiency of theory-driven research is evident in this domain. Tourism edu- 
cation for historical sites using VR. AR and mixed reality [13]. Many studies are descriptive 
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in nature and do not provide insights into the underlying mechanism of how VR and AR 
work. There are also a few practical challenges facing the adoption of VR and AR such as 
cost, usability, and awareness [12][13]. They can enhance experiences and develop new 
products with new technology. However, their gaps and challenges need to be overcome to 
be used it for versatile fields. Awareness about the technology and its potential benefit 
should be known by people through educating them about AR/VR technologies. Only 24% 
of the studies reviewed in the study used a theoretical framework, there is a need for more 
research on VR/AR and make it more affordable, and user-friendly [15]. The diagram also 
shows a pie chart showing the percentage of VR/AR in most of the research showing the 
applications that has using it. This factor makes it easier to adopt in different fields [14]. 


5 USE CASES 


To incorporate blockchain technology alongside augmented reality (AR) to generate dis- 
tinctive, exchangeable, and certifiable digital collectibles. Moreover, these are often considered 
as a solution to some of the proposed problem statements above [14]. The unique advancements 
and perspectives demonstrate the breadth and potential of AR and VR technologies to address 
a wide range of societal, educational, therapeutic, and entertainment needs [12]. Neuro-adaptive 
environments, Quantum augmented reality, and Multisensory VR for Memory enhancement 
research and develop multisensory input (sight, sound, touch, smell, and even taste) to enhance 
memory consolidation [6][11]. Individuals with cognitive impairments like Biometric AR for 
sustainable design with emotionally intelligent AI companions in VR. Also, optimizing the 
performance and censoring, tracking improves the accuracy and reliability of technologies such 
as inside-out tracking and eye tracking and most importantly AI and machine learning are 
increasingly integrated into AR and VR applications for tasks like object recognition, natural 
language processing, and adaptive content generation. Applications like Navigation, training, 
medical visualization, and gaming with real-world integration are examples of augmented 
reality whereas Immersive gaming, simulations, virtual meetings, and training in virtual envir- 
onments. Some of the gestures, touch, voice commands, etc. and motion controllers, and haptic 
feedback are methods of interacting with augmented and virtual reality. 


6 CONCLUSION 


The results indicate that most research studies predominantly concentrate on utilization. 
Although Virtual Reality has been relatively unexplored, the use of Augmented Reality and 
Mixed Reality has captured significant attention. As a result, we propose that additional 
research should be conducted to enhance the realism of AR and MR-based systems [19]. The 
AR technology system introduces the basis of high-resolution evaluation the quality of some 
images. This study aimed to fill a gap in research about using augmented reality to assist 
with projectors and AR navigation systems that have advantages over using monitors in this 
area. Additionally, we explored the possibilities of using AR for educational games based on 
Self- Determination Theory (SDT). From this, we came up with different guidelines for AR 
educational games. It would be interesting to compare our paper with other advancing 
factors in this technology in future research. 
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ABSTRACT: Engineering graduates frequently confront uncertainty when plotting their 
post-graduation career paths. Conventional career counseling approaches often lack the 
depth required to offer personalized and impartial guidance, leaving students inundated with 
numerous options. To combat this challenge, we propose an innovative solution: a machine 
learning-driven Career Guidance System specifically tailored for engineering students. The 
system harnesses advanced algorithms like Support Vector Machine (SVM), XG Boost, and 
Decision Tree to analyze a broad range of datasets encompassing students‘ academic 
records, technical proficiencies, personal interests, and psychometric assessments. By amal- 
gamating these variables, the system provides a comprehensive understanding of each stu- 
dent’s profile. The primary advantage lies in its capacity to deliver personalized career 
recommendations devoid of subjective biases. By taking into account each individual’s dis- 
tinct combination of skills and aspirations, our system generates customized career path- 
ways, thereby diminishing the ambiguity inherent in generic guidance. Additionally, our 
digital platform ensures broad accessibility at a fraction of the cost associated with tradi- 
tional counseling services, thereby democratizing access to high-quality career advice. In 
summary, our machine learning-powered Career Guidance System represents a noteworthy 
advancement in the field of career counseling for engineering students. By leveraging the 
capabilities of data analysis, our system empowers students to make well- informed decisions 
about their future career paths with confidence and clarity. 


Keywords: Career guidance system, Engineering students, Machine learning, Support 
Vector Machine (SVM)XG Boost, Decision Tree, Personalized career recommendations, 
Data analysis, Psychometric assessments, Digital platform, Accessibility, Career counselling 


1 INTRODUCTION 


The transition from academia to the professional world signifies a pivotal moment for 
engineering student, often accompanied by the daunting query: “What’s next?” This crucial 
phase can leave students feeling uncertain as they navigate through numerous career options 
without clear guidance. While traditional career counseling services aim to assist during this 
transition, they frequently struggle to provide personalized and impartial advice, constrained 
by human biases. To confront these challenges head-on, we propose an innovative solution: 
a machine learning-based Career Guidance System tailored specifically for engineering stu- 
dents. The system represents a paradigm shift in career counseling, utilizing advanced 
algorithms such as Support Vector Machine (SVM), XG Boost, and Decision Tree to ana- 
lyze a wide array of student data career guidance, empowering students to navigate their 
career decisions with confidence. It elucidate the rationale behind our proposed Career 
Guidance System, detailing its methodology, key features, and advantages over traditional 
counseling methods. It explore how our system surpasses the limitations of existing 


666 DOI: 10.1201/9781003559092-115 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


approaches by providing a more dynamic, data-driven, and accessible platform for career 
exploration and decision- making. Through the integration of machine learning algorithms, 
and aim to revolutionize the way engineering students engage with the career planning 
process, enabling them to make informed decisions that align with their unique strengths, 
interests, and aspirations.As engineering students near graduation, they are faced with the 
daunting task of selecting a career path that aligns with their unique skills, interests, and 
aspirations. Unfortunately, traditional career counseling methods often fall short in pro- 
viding tailored support during this pivotal moment. Despite counselors’ efforts, their gui- 
dance may feel generic and subjective, lacking the precision needed to address each student’s 
individual needs effectively. The abundance of career options available to engineering 
graduates further complicates the decision- making process, leaving many feeling over- 
whelmed as they strive to make well-informed choices about their futures. Without access to 
personalized guidance and objective assessments, students may struggle with uncertainty and 
anxiety, potentially leading to decisions that do not fully align with their aspirations. The 
cost and availability of traditional counseling services often create disparities in access, 
exacerbating existing inequalities in career guidance resources. The current state of career 
counseling for engineering students is marked by inefficiencies, subjectivity, and limited 
accessibility. There is a pressing need for a more innovative and inclusive approach that 
leverages advanced technologies to provide personalized, objective, and there is a pressing 
need for a more innovative and inclusive approach that leverages advanced technologies to 
provide personalized, objective, and readily accessible support to students as they navigate 
the complexities of post-graduation career decision- making. 


2 LITERATURE SURVEY 


Their research scrutinized diverse aspects of career counseling, encompassing favored 
methodologies, preferred counselor attributes, and topics of interest for counseling sessions. 
By shedding light on the distinct requirements and choices of engineering students con- 
cerning career guidance, the study furnishes invaluable insights for career advisors and 
educational institutions striving to refine their counseling provisions. 

This comprehensive tome spans the gamut from conventional statistical techniques to 
avant-garde machine learning methodologies. It offers a thorough exposition of founda- 
tional principles, algorithms, and methodologies for data mining, inference, and prediction. 
With a keen emphasis on pragmatic applications and tangible examples, this seminal work 
serves as a must- have reference for researchers, practitioners, and students keen on delving 
into the realms of statistical learning and data science. 

A formidable algorithm for approximating functions and undertaking regression tasks. 
The paper meticulously elucidates the theoretical underpinnings of gradient boosting, 
accentuating its prowess in crafting intricate predictive models through iterative optimiza- 
tion of a loss function using gradient descent. With its robust performance and versatility, 
the gradient-boosting machine has risen to eminence as a cornerstone of contemporary 
machine learning, finding extensive utility in predictive modeling, data analysis, and com- 
putational biology. 

“An Introduction to Statistical Learning” furnishes a comprehensive primer on statistical 
learning, concentrating on principles, methodologies, and applications of both supervised 
and unsupervised learning paradigms. Authored by James, Witten, Hastie, and this tome 
elucidates critical topics such as linear regression, classification, resampling methodologies, 
and tree-based methodologies, presenting pivotal concepts in an elucidative and accessible 
manner replete with real-world illustrations. It stands as an invaluable resource for scholars, 
researchers, and practitioners seeking adeptness in statistical learning and data analysis. It 
stands as an invaluable resource for scholars, researchers, and practitioners seeking adept- 
ness in statistical learning and data analysis. 
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“Classification by Pairwise Coupling” introduces an innovative approach to multiclass 
classification by harnessing pairwise comparisons between classes to fabricate efficient and 
accurate classification models. Hastie and propound the concept of pairwise coupling and 
underscore its efficacy in ameliorating classification performance vis-a-vis conventional 
methodologies. The paper furnishes theoretical elucidations and pragmatic directives for the 
implementation of this stratagem, thereby rendering a noteworthy contribution to the 
domain of statistical learning and pattern recognition 


3 METHODOLOGY 


The proposed Career Guidance System for engineering students introduces an innovative 
methodology grounded in cutting-edge machine learning techniques, aiming to revolutionize 
conventional approaches to career counseling. Moving away from subjective human judg- 
ment and limited datasets, our system leverages advanced algorithms like Support Vector 
Machine (SVM), XG Boost, and Decision Tree to conduct a thorough analysis of a wide 
range of factors influencing career suitability. At the core of this methodology lies the 
comprehensive gathering of student data, spanning academic records, technical profi- 
ciencies, extracurricular engagements, and psychometric evaluations. This diverse dataset 
empowers the system to formulate personalized career. recommendations tailored to the 
unique profile of each student. Through the utilization of machine learning algorithms, our 
system uncovers intricate patterns and correlations within the data, resulting in more accu- 
rate and unbiased recommendations compared to traditional counseling methods. The 
methodology of our proposed Career Guidance System integrates advanced machine 
learning algorithms with comprehensive data collection, offering personalized, objective, 
and easily accessible career counseling to engineering students. By harnessing technology to 
transcend traditional constraints, our system aims to empower students with the clarity and 
confidence necessary to navigate their future career paths successfully. 


4 PROPOSED SYSTEM 


The proposed Career Guidance System introduces an innovative approach to advising 
engineering students, leverageing advanced machine learning techniques to provide tailored 
and impartial recommendations. Unlike traditional methods that rely on subjective judg- 
ments and limited data, our system utilizes cutting-edge algorithms such as Support Vector 
Machine (SVM), XG Boost, and Decision Tree. These algorithms analyze a wide range of 
student data including academic performance, technical skills, personal interests, and psy- 
chological assessments. 

This novel strategy enables us to offer highly personalized career recommendations, sig- 
nificantly reducing the inherent uncertainty of genetic counseling. By leveraging extensive 
datasets, our system delivers insights tailored to each student’s unique profile and career 
aspirations, empowering them to make informed decisions about their future paths. 

Moreover, the algorithmic framework of our system ensures objectivity and minimizes the 
influence of personal biases, thereby enhancing the accuracy and reliability of the guidance 
provided. Additionally, our digital platform enhances accessibility andaffordability, demo- 
cratizing high-quality career counseling and making it accessible to a broader demographic, 
including individuals from disadvantaged backgrounds or remote regions 

The proposed Career Guidance System marks a significant advancement in engineering 
student counseling. By utilizing machine learning algorithms to analyze individual profiles 
comprehensively, we offer a personalized, impartial, and cost-effective solution that enables 
students to navigate their career choices with confidence and clarity. 
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4.1 Working function 


We begin by collecting comprehensive data on engineering students, encompassing their 
academic records, technical skills, personal interests, and any completed psychometric 
assessments. This dataset lays the foundation for generating customized career suggestions. 
After gathering the data, we preprocess it to rectify any missing values and encode catego- 
rical variables. This essential step ensures that the data is consistent and ready for input into 
the machine- learning model. Following preprocessing, we carefully select an appropriate 
machine learning algorithm tailored for classification tasks. We consider commonly used 
algorithms such as Support Vector Machine (SVM), XGBoost, or Decision Trees, evaluat- 
ing their effectiveness in identifying patterns within the data. Once the algorithm is chosen, 
we train it using the preprocessed data. During this training phase, the algorithm discerns 
correlations between various attributes and different career paths, thereby improving its 
predictive accuracy. Subsequently, we define a function specifically designed to accept a 
student’s profile as input. This function includes key information such as GPA, technical 
skills, interests, and other relevant details. Within this function, the student’s profile data 
undergoes preprocessing to ensure compatibility with the trained model. Upon completion 
of preprocessing, the trained model is utilized to predict the most suitable career path for the 
student based on their profile data. Drawing on insights gained from the training phase, the 
model generates personalized recommendations tailored to the student’s unique attributes. 
The function provides the suggested career path, offering the student personalized guidance 
to navigate their future endeavors effectively. This comprehensive approach integrates data- 
driven insights with advanced machine- learning techniques, empowering students to make 
well-informed career decision. 


Figure 1. Data flow diagram. 


4.2 Algorithms 


4.2.1 Support vector machine (SVM) 

SVM is a widely employed supervised learning technique renowned for its proficiency in 
classification and regression tasks, rendering it essential in career guidance applications. By 
meticulously analyzing students‘ academic records, technical proficiencies, and personal 
interests, SVM efficiently categorizes them into various career paths such as software engi- 
neering, mechanical engineering, or electrical engineering. Its capability to discern the 
optimal hyperplane within the feature space facilitates the accurate assignment of students to 
their suitable fields. Stands out as a potent ensemble learning algorithm recognized for its 
efficacy in addressing classification and regression challenges, making it a valuable asset in 
career guidance endeavors. Through the construction of predictive models, determines the 
most fitting career trajectory for students by amalgamating predictions from multiple weak 
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learners, typically decision trees. Its iterative refinement process results in highly accurate 
predictions, underpinned by scalability, speed, and adaptability to diverse data types. These 
qualities establish XGBoost as a preferred choice for both competitions and real-world 
applications. 


4.2.2 Decision tree 


Decision trees represent fundamental machine learning models esteemed for their versatility 
and interpretability, essential attributes within the context of career guidance. Within this 
domain, decision trees play a pivotal role in identifying influential features shaping students’ 
career preferences and making predictions accordingly. By iteratively partitioning the fea- 
ture space, decision trees facilitate the creation of subsets predominantly comprising one 
class, enabling precise predictions. Moreover, their interpretability and visualization cap- 
abilities aid in comprehending model predictions, while their capacity to handle various data 
types enhances their utility across a spectrum of scenarios. 


Table 1 Accuracy table. 


Algorithm Accuracy Precision Recall 
SVM 56 59 59 
XG BOOST 36 36 31 


DECISION TREE 30 32 35 


5 RESULT AND DISCUSSION 


The inception of the Career Guidance System represents a significant advancement in the 
field of career counseling specifically tailored for engineering students, marking a departure 
from conventional methodologies. Utilizing sophisticated machine learning algorithms such 
as Support Vector Machine (SVM), XG Boost, and Decision Tree, the system adeptly pro- 
cesses a diverse array of student data, ranging from academic records and technical profi- 
ciencies to personal interests, hobbies, and psychological assessments. This comprehensive 
analysis enables the formulation of customized career recommendations that closely reso- 
nate with each student’s unique profile and aspirations. 

A standout feature of the system is its capacity to provide impartial and objective gui- 
dance, devoid of the biases often inherent in traditional counseling approaches. By relying on 
data-driven analysis, the system ‘enhancing the effectiveness of the counseling process. 

The advent of the Career Guidance System signifies its potential to offer a more perso- 
nalized, unbiased, and accessible avenue for career counseling among engineering students. 
Through the utilization of advanced machine learning techniques, the system empowers 
students to make informed decisions about their career paths with confidence and clarity, 
surpassing the limitations of traditional counseling practices and setting the stage for more 
effective career guidance strategies in the future. 


6 CONCLUSION AND FUTURE SCOPE 


Implementation of the Career Guidance System represent a significant breakthrough in 
tailored career counseling, particularly for engineering students. By leveraging cutting- edge 
machine learning algorithms and thorough data analysis, this system offers personalized, 
impartial, and easily accessible guidance, overcoming the limitations associated with tradi- 
tional counseling methods. Through customized recommendations based on individual 
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profiles and aspirations, the system empowers students to chart their career paths con- 
fidently.Looking forward, there are numerous avenues for ongoing enhancement and 
refinement. Continuous optimization of the system’s machine learning algorithms can 
notably improve its accuracy and effectiveness in providing tailored career advice. 
Moreover, regular updates to the system’s database and integration of real-time data on 
emerging industries and job trends will ensure that its recommendations remain timely and 
pertinent.Expanding the system’s scope to include additional factors such as internships, 
extracurricular activities, and alumni networking opportunities can provide students with a 
more comprehensive understanding of potential career pathways and avenues for profes- 
sional development. Additionally, integrating feedback mechanisms to solicit input from 
both students and counselors can facilitate on going improvements to the system’s func- 
tionality and user experience. 

The Career Guidance System serves as a valuable asset for empowering engineering stu- 
dents to make informed career decisions with confidence. Through continuous innovation 
and collaboration, there is a promising opportunity further to enhance the effectiveness and 
accessibility of career counseling resources, ensuring that all students receive the necessary 
support to achieve their professional goals. 
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ABSTRACT: In modern times where data has become paramount, the need for a method 
of data transfer that is fast, efficient and maximally secure is the need of the hour. This need 
can be satiated by using the new and emerging field of Quantum Communication/ 
Teleportation. By using Quantum Entanglement instead of the traditional electromagnetic 
waves, one can achieve fast, efficient, secure and loss-less data transfer. Such a design could 
be achieved by entangling the receiver unit and the microphone units of two complimentary 
handheld transceivers. This would allow transmission of data over theoretically infinite 
distances and such a transmission would not be affected by any physical effects, such as 
reflection, refraction, diffraction, or any other phenomenon generally associated with elec- 
tromagnetic waves. Such a transmission will also allow for instantaneous data transfer. This 
shall be achieved using charged particles placed in magnetically active orbs housed in com- 
plimentary handheld transceivers. Each orb shall contain an equal number of, and entan- 
gled, charged particles, because of the effects of monogamy in Quantum Entanglement. The 
charged particles shall be subject to replacement once they disappear as heat energy, or once 
decoherence catches up. 


Keywords: Communication, Quantum Entanglement, Transceiver 


1 INTRODUCTION 


Ever since the advent of the modern world, the need for security, efficiency and quickness in 
everything has been a staple. The world of data is no exception. These days, a wide spectrum 
of electromagnetic waves are used to transfer data from one place to another. But this 
method leads to a plethora of new problems, such as losses in transit, connectivity, and 
perhaps the most apparent and immediate threat of all, theft of data; especially in-transit. 
Thus, one must use a superior method of data transfer. One that is fast, safe and efficient, but 
also has none of the drawbacks of the current methodology. Enter Quantum Entanglement. 
Through ideal Quantum Entanglement, one can achieve such a superior form of data 
transfer. Quantum Entanglement is the phenomenon where a group of particles is created 
such that the quantum state of one particle cannot be defined independently of the other(s). 
Meaning, one particle’s state is intimately linked and thus correlated with the others. A 
change, therefore in physical measurements of one particle prompts an immediate and 
antagonistic change in the other particles. To consider an example, let us assume that a pair 
of entangled particles is created such that they have a total spin of zero. Then, upon mea- 
surement, it is found that one particle has a clockwise spin, then we can be cetain that the 
spin of the other particle, on the same axis, is anti-clockwise. In Entanglement physical 
properties, position, momentum and polarization are perfectly correlated. This phenomenon 
can be exploited to send information across large distances instantaneously”), without any- 
one intercepting it intransit. We here aim to achieve a properly defined methodology for the 
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achievement of such technology when it becomes more readily accessible. That is, when 
Quantum Entanglement becomes readily accessible without a highly controlled environment 
to sustain entanglement 


2 LITERATURE REVIEW 


Experimental Quantum Teleportation — Dik Boumeester, Jian-Wie Pan 

This research paper, highlights the experimental realities of quantum teleportation and 
shows us the feasibility of the concept in its essence. Hence, through this, we were able to 
ascertain that building a theory on this concept was indeed within the bounds of physics. 

Experimental study of quantum coherence decomposition and trade-off relations in a 
tripartite system — Zhe Ding, Ran Liu 

This paper helped us understand quantum decoherence and its effects on entangled states 
in a tripartite system, and hence helped us reach a better understanding of the concept itself 
and to rectify the methodology we had devised. 

Quantum Entanglement and it’s applications — Nanxi Zhou 

This paper helped us visualize the concept in the first place by highlighting the principle of 
Quantum Entanglement and then listing its applications. 

Teleporting an unknown quantum state via dual classical and Einstein-PodolskyRosen 
channels 

This paper helped us understand that a specific quantum state can be destroyed and 
recreated from purely classical information and non-classical EPR relations. 

Distributed Entanglement 

This paper helped us understand entanglement in a tripartite system, notably the “three- 
way tangle’ of such a system. 

Monogamy of entanglement and other correlations 

This paper was consequential in our understand of Monogamy in Quantum 
Entanglement, mostly understanding the trade-off between classical correlation and 
entanglement. 

Are the laws of entanglement theory thermodynamical? 

This paper was crucial for us to understand if the laws of entanglement theory are akin to 
thermodynamics. 

Are quantum correlations symmetrical? 

This paper helped us understand the symmetry in Quantum Correlations. 

Classical, quantum and total correlations 

This paper helped us understand the complexities in dissecting all the correlations in a 
system into distinct Quantum and classical parts. 

Dynamics of quantum entanglement 

This paper underlined to us the dynamics of entanglement decay in a bipartite system, and 
revivals of entanglement due to unitary interactions of subsystems. 

Classical Information and Distillable Entanglement 

This paper helped us understand how classical data is lost over quantum states. 

Reversibility of local transformations of multiparticle entanglement This paper helped us 
understand multiparticle entanglement and its reversibility. 

On asymptotic continuity of functions of quantum states 

This paper helped us understand in depth mathematically, asymptotic continuity and 
entanglement formation. 

Locking classical correlation in quantum state 

This paper showed us that a large amount of unnoticed classical correlation can be 
unlocked by engaging in a small amount of classical communication. 

Locking Entanglement with a Single Qubit 

This paper helped us understand losses in entanglement of a bipartite state in which one is 
measuring a single quibit. 
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3 IMPORTANT TERMS 


3.1 Quantum coherence 


Quantum coherence describes a fundamental property exhibited by quantum systems, 
wherein they preserve phase relationships among multiple quantum states. Essentially, it 
denotes a quantum system’s capability to sustain a stable quantum state over time, unaf- 
fected by external perturbations or disturbances. While classical systems tend to degrade 
over time due to factors like friction and heat, quantum coherence enables persistence 
despite external influences. Notably, quantum coherence serves as a necessary condition for 
the phenomenon of quantum entanglement to occur. 


3.2 Quantum decoherence 


Quantum decoherence describes the transition from quantum to classical behavior, as quantum 
systems lose their characteristic coherence. In the realm of quantum mechanics, entities like 
electrons are depicted through a wave function, which mathematically captures the system’s 
quantum state. This wave function, critical for explaining various quantum phenomena, 
maintains system coherence through consistent phase relationships among different states. 
Ideally, a quantum system would remain coherent if entirely isolated, which, although it would 
stabilize the system, would also make it challenging to manipulate or observe. In practice, 
systems are not perfectly isolated, especially during measurements, leading to an interaction 
with the environment that gradually erodes this coherence. This phenomenon, known as 
quantum or environmental decoherence, results in the fading of observable quantum properties, 
analogous to how classical energy dissipates through friction 


3.3 Monogamy’ in quantum entanglement 


A critical aspect of quantum entanglement is its monogamous nature, suggesting that if two 
qubits, A and B, are fully entangled, they don’t share any level of entanglement with a third 
qubit, C. This exclusivity highlights a unique property of quantum correlations that is absent 
in classical correlations, where no such restriction exists. The trade-off between the entan- 
glement of pairs AB and A-C for a tripartite system is quantified by the Coffman-Kundu- 
Wootters inequality: 


Cig + Cac < Ciso 
This relationship indicates that the total amount of entanglement in the system cannot 
exceed a certain threshold. Recent research has confirmed that this inequality, originally 
posited for tripartite systems, extends to systems involving more qubits. 
Monogamy constraints also apply to Gaussian states, confirming the broad applicability 
of this quantum phenomenon across different state types. However, these constraints dis- 


solve in higherdimensional quantum systems. 
It has been determined that: 


Chr = Cic =1 


while 
Cine = 3/ 4 


This observation indicates that the principle of monogamy for concurrence also necessi- 
tates the monogamy of negativity 


2 2 2 
Nip t+ Nac < Narc 
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The applicability of this relationship in higher dimensions remains uncertain. 
Regarding entanglement measures, the monogamy condition is articulated as follows: For 
any tripartite state involving systems Al, A2, and B, 


E(A: B)+E(A:C) < E(A: BC) 
Ci-Bc = 3/4 
Should this inequality universally hold (not just for qubits), it would suggest, via induction: 
E(A: Bi) + E(A: By) +...+ E(A: By) < E(A : Bı.. .By) 


This makes it the sole entanglement measure known to possess this property. Other measures 
such as EF and EC do not exhibit monogamy. For example, these measures do not maintain 
monogamy in the Aharonov state. This finding underscores the notion that EC may not fully 
reflect the entanglement properties of a state but rather indicates the entanglement that must be 
“dissipated” to construct the state through LOCC from a state of pure entanglement], This 
view aligns with the principles of the locking effect! NU7I05I"41_ In discussing monogamy, it’s also 
valuable to consider other types of trade-offs. As shown by Koashi and Winter (2004), we find": 


Er(C : A) + Cyy(B)A) = Sa, 


where CHV denotes a measure of classical correlations” (Henderson and Vedral, 2001). 
This relationship implies that an excess of entanglement shared with one system necessarily 
reduces classical correlations with another. While one might assume that reduced classical 
correlations should also diminish quantum correlations, since the presence of the former 
implies the latter, the situation is complex. Although EF may exceed CHV, if other 
notable entanglement measures are less than CHV, it could be viewed as an anomaly of EC. 
Currently, it is unclear whether measures like ER, ED, and KD fall below CHV. Should they 
do so, this would imply their monogamy given that all are bounded above by EF. 


3.4 Quantum teleportation 


Quantum teleportation facilitates the transfer of a qubit’s state from one place to another 
without moving the qubit itselfl"!, This process combines quantum entanglement and classical 
communication channels. According to fundamental quantum principles like the no-cloning 
theorem, perfect copying of qubits is impossible, making traditional transmission methods 
impractical. In 1993, Bennett, Brassard, Crépeau, Jozsa, Peres, and Wootters introduced a 
protocol using entangled qubits to overcome this limitation". Here’s how it works: 

Alice aims to send a qubit: 

to Bob. They utilize a shared couple of entangled qubits in the state: 


1 
AA'B) = |g) A ® —=|I0)|0) + |1)|1)].4’B 
leaa") = |q)A@—I0)0) + |) 0) 
The process unfolds as follows: 


Measurement: Alice measures her qubit and her part of the entangled pair, collapsing them into 
one of four Bell states. Each Bell state corresponds to a predictable transformation of Bob’s qubit. 


la) = 4/0) + b|1) 


Communication: Alice conveys the measurement result to Bob using classical commu- 
nication, sending two bits that signify the Bell state she measured. 

Transformation: With Alice’s information, Bob performs a specific operation on his qubit 
using a Pauli matrix, transforming it into the state |q) Alice intended to send. 
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This teleportation process effectively transfers the state of Alice’s qubit to Bob’s qubit 
without cloning or directly sending the original qubit. While simplified, this explanation 
captures the core mechanisms of quantum teleportation and its significance in quantum 
communications and technologies. 


4 METHODOLOGY 


_“ Magnetic Field 
Variator/Variance 
K detector 


'Orb', with 
Entangled 
Particles inside 


Figure 1. Proposed method. 


To describe the design of the quantum communicator, it is primarily paramount to describe the 
components present in contemporary handheld transceivers. In general terms, all such devices 
contain a microphone, a transmitter/receiver, a RF Module, a push-to-talk button, a loudspea- 
ker, a power unit and an LCD screen. The Design of the Handheld Transceiver underlined in this 
paper will be similar to all such devices in contemporary existence, however it shall not have an 
RF Module, transmitter, or an antenna. The receiver unit shall also be distinct from the receivers 
in current use. Another piece of hardware/software that shall be uniquely made for this device 
shall be a ‘translator’. This is essentially the hardware/software that comprehends the information 
received through entanglement. The microphone shall be of regular design. Another specially 
made component shall be added to the transceiver. This will be an orb with the capability of 
sustaining charged particles inside. The number of particles in one orb shall be exactly equal to 
the other. Due to monogamy of entanglement, to ensure ease, complimentary sets of charged 
particles shall be Pe and housed in complimentary orbs, maing them house an number of 
bipartite systems!'®!"'*!, This orb shall be housed in casing surrounded by magnetic field gen- 
erators/detectors which can influence the polarization, orientation and such of the charged par- 
ticles inside the orb, and detect any change whatsoever produced by variating magnetic fields. 
Naturally, it shall be the charged particles inside the orbs placed in complimentary transceivers 
that shall be entangled. Any speech detected by the microphone shall produce an electric current, 
which shall then be converted to a waveform in processing units added to the device. It would be 
respective to this waveform that magnetic field around the orb shall be varied so as to change the 
orientation/polarization of the charged particles according to the speech. This shall be inversely 
replicated in the complimentary orb in the other transceiver. The receiver unit detect said change 
will directly send its output towards the translator. The translator then, after executing its 
namesake task, shall send out a signal to the speaker for dispersion of audio. 


3 RESULTS AND DISCUSSION 


As one speaks into the microphone of one module, a current shall naturally be generated, which 
shall then be converted to a waveform, according to which the magnetic field around the orb 
shall be varied. This shall result in change in the orientation/polarization of the charged particles 
in the speaker’s unit. This change shall be inversely received in the other device’s orb. Now, 
because the charged particles there will shift orientations/position/polarization, the shall pro- 
duce changes in the magnetic field around the orb. This change will be recorded as it happens 
(possibly with a Hall probe), that is to say, that the speaker’s orb goes through the waveform- 
inspired changes. These records shall then be fed into the processing unit on this receiver, which 
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houses the translator, and then decodes the changes to receive the initial waveform which 
prompted said changes. Once said waveform is achieved, it can then go further towards the 
speakers for dispersion of audio. The same result shall be true for this unit, when this speaker 
wishes to talk. Ultimately, the charged particles will either disappear completely as heat energy 
or any other applicable form of energy, or they shall be subject to decoherence, upon which 
their original states breakdown and they acquire a shared state. 

That is they would go from an arbitrary unique quantum state: 


|p) = al) + BIT) 


To a shared entangled state: 
ll = )» 


= 1 
)= wa aG = D 


That is, their individuality ceases to exist, and their quantum state becomes shared. 


4 CONCLUSION 


To conclude, it must be said that this concept is currently highly theoretical and requires 
making of parts not yet in existence. However, nowhere here lie concepts beyond the realm of 
currently understood physics. The ability to communicate without the risk of interception and 
piracy; the ability to send out and receive information instantaneously shall be significant future 
warfare and any other domain dealing with information. In the future, to develop on our 
model, one could except to see multiple parties being able to communicate using entanglement, 
instead of the singular complimentary pair here. Then ultimately succeeding that could be the 
internet working on this principle, instead of the current electromagnetic principle. This will 
ensure ultimate safety for all the users of the internet across the world. This requires entangle- 
ment over multipartite systems instead of the here used bipartite system. 
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ABSTRACT: Emo Tale is an innovative project that explores the intersection of interactive 
storytelling and AI technology to create dynamic narratives that adapt to the reader’s emotions 
in real-time. Traditional storytelling often follows a linear path, offering limited engagement 
and personalization. The project leverages advanced AI techniques to capture subtle cues such 
as voice tone, to gauge the reader’s emotional state accurately. Through this real-time emo- 
tional analysis, Emo Tale dynamically adjusts the narrative, offering a personalized storytelling 
experience that evolves with the reader’s emotional journey. Emo Tale offers multiple narrative 
paths and endings, ensuring a diverse and engaging experience tailored to the reader’s emo- 
tional responses and choices. By continuously adapting to the reader’s emotions, Emo Tale 
fosters deeper immersion and connection, creating a captivating storytelling experience unlike 
any other. This project aims to push the boundaries of interactive storytelling and AI technol- 
ogy, opening new possibilities for personalized narratives that resonate with audiences on a 
profound emotional level. It aims to revolutionize how stories are generated, told, and experi- 
enced. It brings us one step closer towards emotionally aware AI that can perceive, interpret, 
and respond to human emotions in nuanced ways during real-time narrative engagement. 


Keywords: Generative AI, Large Language Models, Voice Modulation, Voice Tone, 
Personalized Story 


1 INTRODUCTION 


In today’s digital age, the intersection of technology and creative storytelling holds immense 
potential to transform the way we experience narratives. This research project explores the 
use of language models, emotional intelligence, and interactive dialogue to create a unique 
and adaptive storytelling system. More recently, advancements in natural language proces- 
sing and deep learning have enabled the development of generative language models capable 
of producing coherent and creative text. While these models have shown impressive results in 
tasks such as story generation and dialogue management, they often lack the contextual 
understanding and emotional intelligence required to craft narratives that truly resonate with 
the audience. The limitations of these existing approaches highlight the need for a more 
holistic and adaptive storytelling system. 

The core idea of this work is to develop a hybrid model which is a generative system that 
can produce a story in two distinct parts. Unlike traditional linear narratives, this system will 
leverage the reader’s emotional engagement to shape the trajectory and emotional arc of the 
story as it unfolds. Through this iterative cycle of generation, emotion detection, and 
adaptive narrative development, the system will weave a captivating tale that dynamically 
adapts to the reader’s emotional state. This approach aims to foster a heightened sense of 
immersion and personalization, redefining the boundaries of traditional storytelling. 
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The primary aim of this project is to develop an AI assistant capable of generating stories 
that can seamlessly map to the user’s emotional states. By automating the process of story 
generation and establishing a deep connection between the narratives and the user’s emo- 
tional preferences, this work seeks to bridge the gap between existing story generation 
models and the individual’s unique interests and needs. Through the implementation of 
advanced mechanisms to profile and understand the user’s emotional experiences, the AI 
assistant will be able to dynamically produce customized stories that elicit specific emotional 
responses. This personalized storytelling approach has the potential to revolutionize various 
applications, from entertainment and education to therapy and marketing, by enhancing 
user engagement and fostering a more immersive and impactful experience. 

In the subsequent sections of this paper, we delve into the methodology and technical 
intricacies of our proposed approach, followed by experimental results and a discussion of its 
implications for future research and applications. 


2 LITERATURE SURVEY 


A multitude of studies have delved into the capabilities and implications of large language 
models (LLMs), offering diverse perspectives on their utility and limitations. Naveed et al. (1) 
offer a comprehensive review of major LLMs, shedding light on their applications across 
various domains. AnnYuan.Da et al. (2) present findings from a user study on LaMDA, 
focusing on the nuances of interface design for Al-assisted story creation. Xie et al. (3) con- 
tribute to the discourse by comparing GPT-3 with other story generation models, highlighting 
GPT-3 remarkable ability to emulate human storytelling. Jain et al. (4) provide a detailed 
review of neural network techniques in natural language processing (NLP), offering insights 
into the evolving landscape of text processing and speech recognition. Chakrabarty et al. (5) 
explore GPT-3 capabilities in dialog generation, showcasing its potential for context-aware 
and personalized responses in conversational settings. Tang et al. (6) offer a broader perspec- 
tive by reviewing ATs involvement in various story-related tasks, illustrating its role as a 
collaborator, generator, and animator in assisting human writing endeavors. Gie et al. (7) 
contribute experimental data on textual narratives, focusing on demographic factors and the 
potential limitations of convenience sampling. Zhu et al. (8) delve into the practicalities of 
utilizing LLMs for story generation, highlighting both the promising outcomes and the chal- 
lenges associated with leveraging advanced AI models in real-world scenarios. Prest et al. (9)’s 
work with school children provides unique insights into the impact of AI on creativity, though 
the study’s relatively small sample sizes warrant cautious interpretation. Valizadeh et al. (10)’s 
comparison of LTM for children’s story generation underscores the importance of age- 
appropriate content and logical simplification in Al-generated narratives. 

In parallel, Wang et al. (11)’s proposal of PERSE, a personalized story evaluation model, seeks 
to enhance the user experience by tailoring recommendations based on individual preferences. 
WOO et al. (12) explore the potential of AI as a catalyst for creativity in secondary school stu- 
dents, highlighting the intricate interplay between human creativity and machine-generated con- 
tent. Johnson et al. (13)’s development of DSI provides a novel framework for measuring 
creativity in narrative generation, offering a quantitative approach to assess the quality and ori- 
ginality of AI-generated stories. Garoffo et al. (14)’s review of interactive storytelling for children 
underscores the importance of emotional engagement and collaborative narrative construction in 
educational settings. Khadijah et al. (15)’s qualitative review of generative AI systems offers a 
broad overview of ATs capabilities across various domains, acknowledging the challenges of 
keeping pace with rapid advancements in the field. Ting et al. (16)’s evaluation of LLMs across 
diverse NLP tasks sheds light on the trade-offs between performance and the propensity for hal- 
lucinations in AI-generated content. Song et al. (17)’s examination of emotion detection methods 
in text underscores the need for standardized datasets to facilitate effective model development and 
comparison. Collectively, these studies contribute to a nuanced understanding of the evolving 
landscape of AI in language generation and comprehension, highlighting both the potential and 
challenges inherent in leveraging advanced AI models for creative and practical applications. 
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3 EXISTING SYSTEM 


Existing systems in the domain of narrative generation predominantly rely on predefined 
templates or fixed story structures, limiting their ability to offer truly personalized and 
emotionally resonant narratives. These systems often lack the sophistication and adapt- 
ability required to cater to individual user preferences and emotional states effectively. While 
some systems may incorporate basic natural language processing (NLP) techniques for 
generating text, they typically fall short in terms of understanding and responding to the 
nuanced emotional context of user interactions. 


4 PROPOSED SYSTEM 


This paper proposes a hybrid model to generate stories by combining emotions. The first 
step in the process is to collect the desired moral or theme for the story from the user. This 
user input provides high-level narrative direction and intended message to be incorporated. 
The user can enter any moral or theme they would like the story to represent. Next, the 
initial part of the story is algorithmically generated by the large language model conditioned 
on the supplied moral or theme. The language model creates the opening setting, characters, 
and events to kickstart an engaging narrative aligned with the user’s input. This dynamically 
generated first portion acts as the starting point for the interactive story experience. 

As the user reads through the initial generated content, their emotional state is con- 
tinuously monitored using multimodal emotion recognition models. These models analyze 
facial expressions from a webcam, tone of voice, or any other detectable cues to determine 
the user’s emotional reaction in real-time as they consume the narrative. 

The recognized emotional state of the user is then supplied back into the language model 
to steer the adaptive generation of the next part of the story. The language model is con- 
strained to adapt the trajectory of the narrative to sustain the engagement of the user based 
on their detected emotional response. Additional logic layers may further shape the content 
to adhere to the intended moral while aligning with the user’s emotions. 

The incremental adaptive process is repeated, with the language model dynamically gen- 
erating the final third portion of the story adapted to the user’s latest emotional state. This 2- 
stage approach allows for gradual nudging of the narrative by analyzing the user’s emotions 
at multiple points and accordingly adjusting story events, characters, and outcomes. 

The complete 2-part story shaped by the initial theme and adapted to the user’s unique 
emotional responses provides a customized interactive narrative experience. The algorithm 
allows automated on-the-fly creation of personalized stories aligned with a desired message. 


5 MODULE DESIGN AND ORGANISATION 


| 
User 
Emotion 
Emotion 
detected model 


Figure 1. Proposed architecture diagram. 


The Module Design and Organization of this project are fundamental components of its 
development strategy, aimed at crafting a cohesive system capable of generating 
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personalized stories based on user input and detected emotions. This systematic approach 
begins with a meticulous analysis of the system requirements, resulting in the delineation of 
distinct modules tailored to specific functionalities. At the apex of the hierarchical structure 
lies the Core Module, serving as the orchestrator of the entire system. Positioned beneath are 
specialized modules, each assigned a well-defined role in ensuring the seamless operation of 
the Storytelling AI. The Core Module assumes responsibility for system management, 
coordinating communication and collaboration among various sub-modules. The Story 
Generation module serves as the heart of the system, employing sophisticated algorithms to 
generate captivating narratives based on user prompts and detected emotions. Collaborating 
with it, the Emotion Detection module analyses user-provided audio files to discern emo- 
tional states, guiding the storytelling process towards emotionally resonant narratives. The 
User Interaction module interfaces with end-users, providing intuitive and engaging plat- 
forms for interaction. Meanwhile, the Persistence module ensures the persistence and 
retrieval of generated stories and user preferences, fostering continuity and personalization 
across sessions. The Modular Architecture adopted is not only meticulously organized but 
also highly adaptable and scalable. This flexibility enables the system to evolve alongside 
user preferences and technological advancements. Continuous learning mechanisms, 
embedded within modules such as the Story Generation and Emotion Detection, further 
enhance the system’s adaptability, ensuring that it continually refines its storytelling abilities 
based on user feedback and evolving emotional contexts. This approach fosters an enriching 
and immersive storytelling experience for users, cementing the Storytelling AI’s position as a 
versatile and user-centric platform. Shown in Figure 1. 


6 ALGORITHM 


Step 1: Obtain the desired moral or theme for the story from the user. 

Step 2: Utilize the large language model (LLM) to generate the first part of the story based 
on the provided moral or theme. Store this generated story segment as the starting point for 
the interactive narrative. 

Step 3: Analyze the user’s tone of voice while they read the generated first part using 
multimodal emotion recognition models. - Determine the user’s emotional state based on the 
analysis. 

Step 4: Provide the recognized user emotion as input to the LLM. - Generate the next part 
of the story using the LLM, adapting the narrative to the user’s emotional state to maintain 
engagement 

Step 5: Output the complete story comprising multiple parts, aligned with the initial moral 
or theme provided by the user. 


7 IMPLEMENTATION 


The narrative generation system relies on user interaction and emotional feedback for per- 
sonalized storytelling. Users provide feedback on narrative segments, expressing emotions 
through a designed interface. The Emotion Recognition Module analyzes this feedback 
using advanced natural language processing, identifying emotions accurately. These emo- 
tions guide adaptive storytelling, adjusting plot elements to resonate with the user’s emo- 
tional journey. Dynamic narrative generation tailors storytelling to user emotions, adapting 
plot twists, character arcs, and themes. Iterative adaptation refines the narrative trajectory 
based on evolving user feedback, ensuring coherence and engagement. This process delivers 
an enhanced user experience, fostering immersion and emotional resonance. In summary, 
the system combines user interaction and emotional analysis to craft personalized narratives. 
By leveraging advanced techniques, it creates engaging and emotionally resonant story- 
telling experiences, promising a new era of interactive narrative.Sample are shown in 
Figures 2 & 3 
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Figure 2. Story first part. 
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Figure 3. Story with audio recording. 
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ABSTRACT: Acute lymphoblastic leukemia (ALL), a type of blood cancer, predominantly 
affects lymphocytes, which are specialized white blood cells crucial for immune defense. Swift 
identification and treatment are critical in battling this illness. Conventionally, leukemia diag- 
nosis has depended on invasive methods such as bone marrow biopsies and lumbar punctures, 
which, while effective, are also expensive and cause discomfort. Nonetheless, recent advance- 
ments in deep learning algorithms have transformed diagnostic methods, boosting both effi- 
ciency and accessibility. The suggested Region-Based Convolutional Neural Network (RCNN) 
plays a significant role in this advancement by utilizing Gaussian filtering and data augmen- 
tation strategies to enhance the dataset, resulting in superior training outcomes. Furthermore, it 
categorizes the Acute lymphoblastic leukemia dataset into specific stages like Benign, Pro, 
Early, and Pre, and provides an intuitive interface for implementing the trained R-CNN model. 


Keywords: Acute Lymphoblastic leukemia (ALL), Classification of white blood cell images, 
Region-based Convolutional Neural Network (RCNN) 


1 INTRODUCTION 


Acute Lymphoblastic Leukaemia (ALL) is a kind of white blood malignancy marked by the 
rampant growth of immature lymphoid cells, namely lymphoblasts, within the bone marrow 
and circulatory system. These lymphoblasts, which stem from abnormal white blood cells 
(either B cells or T cells), accumulate due to genetic anomalies or disruptions in normal B cell 
development. In the case of ALL, these cells show inadequate maturation and functioning, 
resulting in symptoms including anaemia, tiredness, and increased susceptibility to infec- 
tions. Unlike benign tumours, ALL and similar leukaemia’s are considered malignant due to 
the ability of abnormal cells to grow uncontrollably and spread to various body tissues. By 
incorporating cutting-edge diagnostic methods, personalized treatment plans, and con- 
tinuous research into novel detection techniques, the healthcare community can make con- 
siderable strides in saving the lives of millions affected by acute lymphoblastic leukaemia. 
While ALL is more common in children, it can also affect adults. Unlike benign tumours, 
leukaemia’s like ALL are malignant due to the uncontrolled growth of immature lympho- 
blasts that disrupt normal blood cell production, leading to systemic issues. Despite the 
myriad of techniques and algorithms suggested by many researchers for leukaemia detection 
and classification, ongoing challenges in this field fuel continued research endeavors. 


2 LITERATURE SURVEY 


Amani Al-Gharbia and colleagues investigated the application of machine learning and image 
processing technologies for the automated identification and categorization of leukemia in 
microscopic pictures of blood. The study focuses on extracting characteristics from segmented 
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lymphocyte pictures to identify between various kinds and subtypes of leukemia using a sup- 
port vector machine (SVM) classifier. The model’s accuracy is 88.23% [1]. Shahid Rashid et al. 
investigate and diagnose infections in white blood cell (WBC) nuclei. They extract features 
using a hexagonal structured filter and a pre-tratned CNN model dubbed GraftNet. To obtain 
accurate classification, multi-layered classifiers such as SVM and KNN are used. A confusion 
matrix is built using the 720 fused features [2]. Khaled Ferih et al. delve into the challenges of 
differentiating thalassemia, an autosomal recessive genetic disorder affecting haemoglobin 
subunits, from other anemias such as iron deficiency anaemia [3]. Fatma M. et al. explore the 
application of machine learning algorithms for detecting and classifying leukaemia. The study 
specifically highlights the use of an Optimized CNN (OCNN) classifier [4]. Muhammad Umar 
et al. propose a framework for predicting blood cancer that achieves an impressive classifica- 
tion accuracy of 97.3% with a low misclassification rate of 2.7%. The framework incorporates 
three transfer learning models—Alex Net, MobileNet, and ResNet—enhanced with optimi- 
zation algorithms such as SGDM, ADAM, and RMSPROP [5]. 

Amal H. Alharbi developed a novel method for segmenting white blood cells using ResNet 
and UUNéet networks, achieving an accuracy of 96%, surpassing previous techniques and 
demonstrating its potential as a valuable tool in haematology data processing [6].Ahmed Adel 
Elsabagh et al.explored the application of artificial intelligence (AT) in sickle cell disease (SCD) 
across research, diagnostics, and treatment options. Overall, AI has the potential to enhance 
SCD management, but further research and development are necessary for practical imple- 
mentation [7]. Pier Paolo Piccaluga et al. The document acknowledges the integration of 
MRD assessment to enhance risk stratification. Overall, it provides valuable insights into the 
methods and importance of MRD monitoring in ALL patients [8]. Canan Kocatiirk et al. The 
Acute Lymphoblastic Challenge Database (ALLCDB) from the Cancer Imaging Archive and 
extracted geometric features for classification. The primary objective was to identify an effi- 
cient and robust method for distinguishing ALL cancer cells from healthy ones [9].Kevin 
Barrera et al. The SyntheticCellGAN System is designed to generate artificial images resem- 
bling real cell images obtained by the Cella Vision DM96. It includes GAN B architecture with 
a generator G B and a discriminator D B, specifically designed for different cell classes [10]. 


3 DATASET 


ALL is a malignancy variant that predominantly targets white blood cells, notably lym- 
phocytes, which are vital components of the immune system. The dataset includes 3,256 
images of peripheral blood smears (PBS) collected from 89 individuals who were suspected 
to have ALL. Within the group classified as malignant, three lymphoblast subgroups are 
recognized: Early Pre-B, Pre-B, and Pro-B [11]. Shown in Figure 1. 
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Figure 1. ALL blast cell images. 


4 PROPOSED WORK 


In this part, we provide a thorough summary of the approach used in our investigation. The 
proposed method is detailed in Figure 2. Initially, we acquire the dataset from an opensource 
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publicly available source. Subsequently, the collected dataset undergoes preprocessing and 
augmentation. Following the preprocessing stage, we develop the RCNN model for 
Leukemia classification. The inclusion of RPN and ROI pooling layers ensures effective 
processing and analysis of the proposed regions. Finally, we integrate all these components 
to create a combined model capable of generating predictions. Shown in Figure 2. 
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Figure 2. Proposed methodology. 


4.1 Preprocessing 


In our dataset preprocessing step, we applied a Gaussian blur filter to the images before 
feeding them into the neural network. Gaussian blur is a frequently utilized method in image 
manipulation that diminishes noise and intricate details, yet maintains the general structure. 
By convolving the images with a Gaussian kernel, our goal was to improve the model’s 
robustness and generalization by providing cleaner input data [12]. 


4.2 Data augmentation 


In this segment, we offer an exhaustive review of the data augmentation technique applied in 
the scope of this project. Initially, the dataset is sourced from a designated directory, which 
contains a diverse array of images. Leveraging the Keras ImageDataGenerator, these images 
undergo augmentation processes, including rotation, width and height shifting, shearing. By 
applying these augmentation techniques, we diversify the dataset, facilitating enhanced 
pattern recognition and improving model robustness. Shown in Figure 3. 


Figure 3. Augmented leukemia images. 


4.3 Region based convolutional neural network (RCNN) 


The RCNN has surfaced as a game-changing method in object detection in the realm of 
computer vision. This dual-phase structure overhauls conventional techniques by merging 
region proposal and classification phases. In the first phase, R-CNN employs a selective 
search algorithm to generate region proposals, identifying potential locations of objects in 
the input image. The classification phase leverages these features to categorize objects and 
fine-tune their bounding boxes using methods such as regression [13]. 
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4.4 RCNN model 


In our research, we introduce an advanced architecture designed specifically for object 
detection and classification. Leveraging state-of-the-art deep learning techniques, our model 
builds upon the VGG16 convolutional neural network. VGG16 has been carefully pre- 
trained on the vast ImageNet dataset, which empowers it to draw out complex high-level 
attributes from input images with extraordinary accuracy. To enhance our model further, we 
incorporate a Region Proposal Network (RPN) that seamlessly operates on the feature maps 
generated by VGG16. 


4.5 VGGI6 model 


The VGG16 model serves as the foundational element in our architecture, leveraging pre- 
existing weights from the ImageNet database to distil intricate feature representations from 
input images. This adeptness empowers VGG16 to capture both low-level nuances and high- 
level visual concepts, thereby facilitating robust feature extraction essential for subsequent 
tasks. we employed Conv2D layers with 64 filters for fundamental feature extraction, along 
with 512 filters within the VGG16 backbone to discern intricate features. 


VGG1 


Figure 4. VGG16, RPN with ROI. 


In the VGG16 architecture, we removed the fully connected layers responsible for classi- 
fication, effectively transforming it into a feature extractor. Region Proposal Network 
(RPN) seamlessly integrates with the VGG16 backbone to enhance object detection cap- 
abilities within our architectural framework. Leveraging feature maps derived from VGG16, 
the RPN employs Conv2D layers, each equipped with 512 filters, to meticulously scrutinize 
and refine proposed regions and preserving spatial consistency through ReLU activation 
and ‘same’ padding while extracting crucial visual features [14]. 


4.6 Region of intrest( ROT) 


The primary network (VGG16) derives features from the input image, while the ROI pool- 
ing layer compiles features from the suggested regions using global average pooling. 
Consequently, the ROI pooling layer produces uniform-length feature vectors for each 
identified region of interest (ROI).These feature vectors encapsulate essential spatial infor- 
mation about the proposed regions. Function, defined as the ROI pooling layer ensures 
seamless integration between region proposal and feature extraction. Shown in 5. 
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Figure 5. VGG16, RPN with ROI. 
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In summary, the ROI pooling layer acts as a crucial bridge, facilitating the harmonious 
interaction between feature extraction, region proposal, and object detection tasks within the 
neural network architecture [15]. 


5 MATH AND EQUATIONS 


5.1 Combined model 


After assembling the different components of our model, we create what is commonly 
referred to as the combined model. This model integrates various crucial elements, incor- 
porating the primary network, the RPN and ROI pooling layers. These layers utilize the 
Rectified Linear Unit (ReLU) activation function as 


F(x) = max(0, x) (1) 


This non-linearity enables the model to capture complex relationships effectively. 

GlobalAveragePooling2D Layers: These layers distil features into more compact repre- 
sentations, aiding in higher-level feature extraction. Classification Tasks: For classification 
tasks, we employ the SoftMax activation function as 
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This function computes class probabilities based on the model’s predictions. 
output = inputshape X inpUtshape X INPUtshape (3) 


where the input shape refers to the dimensions of the input tensor. These layers perform 
computations using weighted sums of inputs from the previous layer, followed by the 
application of an activation function. The formula for a Dense layer’s output can be 
expressed as 


output = o(W - input + b) (4) 


In this context, o is the symbol for the activation function, while W stands for the weight 
matrix. The term ‘input’ refers to the input vector, and b corresponds to the bias vector. For 
the purpose of optimization in the training phase, the Adam optimizer is employed. 

Additionally, we employ accuracy as a metric to evaluate the model’s performance during 
training. Shown in Table 1. 


Table 1. Accuracy comparison with previous work. 


Serial Number Year Method Accuracy 

1 2023 CNN based Tversky Loss 99.01% 
Function 

2 2023 Efficient Net -B3 96.81% 

Proposed Model 2024 Region Based 99.35% 
Convolutional 


Neural Network 


*Proposed model accuracy in the year of 2024. 
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6 RESULT 


Our implemented model synergistically combines VGG16 with the Region Proposal 
Network (RPN) and a custom classification model, demonstrating promising performance 
in both object detection and classification tasks. Training the combined model using the 
Adam optimizer yields significant performance improvements, with notable gains observed 
in both training and validation datasets over 20 epochs. Our model exhibits robustness and 
accuracy in detecting and classifying objects across various visual contexts. 


7 CONCLUSION 


The integrated model, blending VGG16 and RPN with a custom classifier, exhibits robust 
performance in object detection and classification. Future work will focus on optimizing 
hyperparameters and exploring advanced architectures to further enhance model accuracy 
and efficiency, expanding its applicability across diverse computer vision tasks. 
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ABSTRACT: Artificial intelligence (AI) has emerged as one of the most revolutionary 
technologies in the health sector, influencing many aspects of healthcare delivery, research, 
and management. In conclusion, this study explored some of the key roles AI is playing in 
healthcare. Medical imaging and diagnostics, personalised treatment and precision medi- 
cine, drug discovery and development, healthcare operations and management, remote 
patient monitoring and telemedicine, natural language processing for clinical documenta- 
tion, healthcare chat bots and virtual assistants, medical research and clinical trials, and 
predictive analytics and disease prevention are just a few of the AI outputs. By reviewing 
large amounts of patient data, AI enables healthcare professionals to make the most reliable 
diagnostic decisions, prescribe tailored treatment options, accelerate new medication devel- 
opment, streamline administrative duties, monitor patient progress, broaden research cap- 
ability, and accelerate disease prevention efforts. Although AI has the potential to improve 
health care, there are several ethical, regulatory, and specialised challenges that must be 
addressed by all stakeholders to ensure responsible use and equal access to AI technology. 
Artificial intelligence has the potential to save more lives, increase efficiency, and promote 
medical innovation. 


Keywords: Artificial Intelligence, Health Sector, Research, Management, Drug delivery 


1 INTRODUCTION 


Artificial Intelligence has become a powerful and transformative technology that could 
fundamentally change the course of the health sector. Its ability to examine large volumes of 
data, identify patterns and trends, and make intelligent decisions in the process influences 
various diseases from the moment of detection to diagnosis, treatment, research, and the 
overall treatment process. About greater precision in the outcomes and results of diagnoses 
and treatments to targeted medicine, AI in healthcare ensures multiple aspects of health- 
related operations. The recent increased adoption of Electronic Health Records, wearable 
technology, and medical imaging, for instance, have all resulted in the availability of large 
amounts of healthcare data. The available data may be utilized by AI algorithms to extract 
useful information to assist clinicians in making precise diagnoses, foresee patient outcomes, 
and even generate individual medicine. Furthermore, AI allows automation in numerous 
areas, allowing qualitative personnel to focus on more critical tasks while the machines 
perform routine duties around the clock [1-3]. 
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2 LITERATURE REVIEW 


2.1 Medical imaging and diagnostics 


Al-powered algorithms accurately process medical images, including X-rays, MRIs, and CT 
scans to facilitate radiologists’ work of identifying abnormalities in the images and diag- 
nosing conditions, including cancer, fractures, and neurological disorders [2]. 


2.2 Personalized treatment and precision 


MedicineA\ uses patient’s data and genetic information, along with their medical history and 
lifestyle factors, to adapt treatments for an individual. This accurate approach allows for 
personalized diagnoses and effective targeted therapy for optimal patient outcomes [3]. 


2.3 Drug discovery and development 


AI can help speed up drug discovery by analyzing large amounts of biological data to 
identify prospective drug targets, forecast the efficacy and side effects of new drugs, and 
improve the test design of preclinical research and clinical trials. The cost and time of new 
drug development will be dramatically reduced [4]. 


2.4 Healthcare operations and management 


Al-driven tools, for example, can automate scheduling and resource allocation while also 
predicting future usage and patient inflow. Predictive risk models can enable hospitals to 
anticipate patient deployments, forecast peaks in patient loads, and right size their inventory 
and staffing [5]. 


2.5 Remote patient monitoring and telemedicine 


Artificial Intelligence enabled wearable devices and mobile apps which monitor patients’ health 
even from a distance by collecting real time data such as vital signs, level of activity and medi- 
cation intake. This is critical as it enables healthcare workers to detect early signs of disease or 
development of complications and intervene in time, especially in managing chronic diseases [6]. 


2.6 Natural language processing for clinical documentation 


AI helps healthcare professionals convert their clinical notes and voice recordings into 
structured data. This tool simplifies EHR documentation, and this data can be analyzed 
more efficiently for further research and decision-making [7]. 


2.7 Healthcare chat bots and virtual assistants 


AI offers advantages in healthcare, such as providing relevant health information to patients 
through personalized conversation, symptom checking tools, drug usage reminder, and even 
medical appointment booking. Further, it can use machine-educated predictions to take 
certain measures and lead patients to the most appropriate care level or medical facility that 
best fits their conditions [8]. 


2.8 Medical research and clinical trials 


AI can help scientists find meaning and integrate the vast scientific literature generated since 
the start of life sciences and clinical trial data. Thus, it boosts scientific learning and 
knowledge application and also allows clinical study design and pre-informed recruiting [9]. 
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2.9 Predictive analytics and disease prevention 


AI can analyze available data on population health to predict patterns of disease and risk 
factors to proactively intervene and launch targeted campaigns aimed at preventing disease 
outbreaks that would have translated to high healthcare costs [10]. 


2.10 Ethical and regulatory matters 


Furthermore, AI presents ethical and regulatory issues in the health sector. These include 
privacy, algorithm bias, data security, and who is responsible in a case of liability among 
others. The proper management of these issues will help ensure responsible and equitable AI 
distribution in the healthcare industry [11]. 


3 PROCESS APPLIED IN HEALTH CARE ARTIFICIAL INTELLIGENCE 


The implementation of AI in healthcare follows a well-defined process starting from problem 
identification to deployment and on-going optimization. These are the ones that are com- 
monly involved in this process [4-6]: Shown in Figure 1 
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Figure 1. Process applied for artificial intelligence in healthcare. 


4 PROCESS APPLIED IN HEALTH CARE ARTIFICIAL INTELLIGENCE 


4.1 Positive aspects 


4.1.1 Higher diagnostic efficiency 

With the help of AI, medical images as well as data about the patient can be thoroughly 
analyzed making it possible to create a more precise diagnose as well as detect the illness at 
an early stage. 


4.1.2 Personalized treatment 
AI makes it possible to gather large amounts of data on patients which can later be used to 
develop treatment individualized based on characteristics of every patient. 


4.1.3 Efficiency and productivity 

By automating much of the paperwork involved in administrative tasks, such as medical 
translation, medical billing, and the like, AI may aid streamline a facility’s actual operations, 
freeing up additional time for healthcare employees to spend with patients. Employers may 
finish administrative tasks faster with AI-generated outcomes, lowering expenses. It means 
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they will be able to manage more patients on a typical workday. It may also help lower 
overall expenses for services. 


4.1.4 Drug discovery and development 

Due to the human genome’s complexity, developing and testing new medications is fre- 
quently a long and arduous process. Artificial intelligence offers drug experts the opportu- 
nity to examine connections between accomplishment data and potential drug outcomes, 
making the process quicker, cheaper, and more efficient. 


4.1.5 Remote patient monitoring and telemedicine 

AI algorithms underpin the infrastructure underpinning devices that may track patients’ 
conditions continually from a distance. Because some of these factors can be hazardous to a 
patient’s health, rapid access to treatment may prevent serious complications. This is crucial 
to enhancing healthcare entry in underserved regions. 


4.2 Negative aspects 


4.2.1 Ethical concerns 
Any use of AI has implications for patient privacy, confidentiality, and data usage. In par- 
ticular, there’s a risk of unauthorized access and misuse of patient health records. 


4.2.2 Bias and inequality 

Machine learning algorithms are trained on historical datasets, which might contain biases 
that impact patient outcomes, especially when race or socio-economic status gaps are con- 
cerned. Moreover, Al-driven tools might not be equally accessible across the population. 


4.2.3 Reliability and trust 

AI systems do not operate with high transparency and explain ability, which could result in 
low trust among healthcare professionals and patients. For AI systems to be widely accepted 
in healthcare, they must be reliable and accountable. 


4.2.4 Regularly challenges 
Current state of art in regulatory of AI in healthcare is early and many compliance-related 
challenges may involve patient safety, data protection, and the need for medical device regulation. 


4.2.5 Dependency and dehumanization 

Al-powered systems may result into less human interaction in healthcare and, subsequently, 
foster dehumanization of patients and decision-making and reduce the experience quality for 
patients. 


5 RESULT 


Figure 1 expresses the one by one step that is involved in artificial system or intelligent in 
health care. These steps are as first problem identification, second data collection and pre- 
paration, third algorithmic based development and training, fourth its integration with 
healthcare systems, fifth is regulatory approval and compliance, sixth validation and eva- 
luation, seventh is deployment and implementation, eighth is complete system monitoring 
and optimization and the last ninth step is evaluation of clinical impact. 


6 DISCUSSION 


Artificial Intelligence is a multifaceted role in the health sector that is very broad, fast- 
moving, and complex in its scope. It can enhance patient care and outcomes but can also 
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make operations more efficient and scientific research medical-oriented. This paper consists 
of several of the primary roles of AI in the health sector and explores the potential and 
challenges [11-15]. 


6.1 Enhanced diagnostics and treatment 


These Al-powered algorithms can provide incredible accuracy when analysing medical 
images, including X-Rays, MBIs and CT scans, and allows the physician to correctly identify 
and diagnose diseases soon enough before they further develop. It has been used in managing 
conditions such as cancer, cardiovascular conditions, and neurologic disorders. In parallel, 
involving patient data incorporated into medical data-banks, AI can help the clinician in 
developing a personalized treatment regimen after an analysis of the patient’s health profile, 
individual genetic factors, and reaction to previous drugs used. 


6.2 Streamlined healthcare operators 


Al-driven tools improve administrative tasks, resource allocations, and workflow manage- 
ment at a healthcare facility, resulting in less administrative burden and optimal patient 
access and throughput with reduced operational costs. Similarly predictive analytics and 
forecasting models help to forecast patient admissions, optimal bed utilization, and resource 
allocation. This leads to improved healthcare delivery and responsiveness. 


6.3 Remote patient monitoring and telemedicine 


AJl-powered wearable devices and mobile applications The use of AI technologies that can be 
integrated into wearable devices and mobile applications enables monitoring patients’ vital signs, 
medication adherence, and illness development remotely, conducting timely interventions and 
eliminating the necessity of physical visits . Telemedicine platforms with AI chat bots and virtual 
assistants AI-driven chat bots and virtual assistants incorporated into telemedicine platforms 
offer 24/7 access to efficient and convenient healthcare that allows patients to receive medical 
recommendations, arrange visits, and control chronic diseases without leaving the house. 


6.4 Accelerated drug discovery and development 


AI algorithms scour huge amounts of biological data to pinpoint drug targets, forecast drug 
interactions and side effects, and tailor clinical trial plans or designs, greatly accelerating the 
drug discovery process and lowering the expense of R&D. Al-powered simulations and 
forced search technology allow researchers to test a wider range of drug candidates and 
therapeutic options, which has already resulted in the creation of fresh therapy for a variety 
of disorders and medical conditions. 


6.5 Ethical and regulatory considerations 


In summary, the integration of AI into healthcare elicits serious ethical issues regarding 
patient privacy, data protection, transparency of algorithms, and equal access to Al-assisted 
services. Therefore, regulatory frameworks and guidelines should be developed to assure the 
responsible progress, execution, and oversight of AI mechanisms in healthcare in defence of 
the rights, protection, and well-being of patients. 


7 CONCLUSION 


In conclusion, the provision, management and experience of health is set to be revolutionized 
by the role of Artificial Intelligence in the health sphere. Although numerous promising 
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opportunities for enhancing diagnosis accuracy, offering personalized treatment paths, facil- 
itating workflow processes and increasing the pace of medical research and innovation will be 
presented by AI technologies, potential levels of change will always come with challenges and 
considerations. Without careful attention to patient rights and the fairness of access to health 
services when implementing AlI-based solutions, the ethical requirement of patient con- 
fidentiality, data protection and algorithm bias will not be respected. To integrate AI tech- 
nologies into the care setting and empower workers to seize the opportunities of AI to the 
fullest and to implement AI appropriately in clinical practice, one must ensure trust and 
accountability in all stages of development, implementation, evaluation and monitoring. To 
address the complexity and challenge of health AI, it is necessary to maximize the benefits and 
reduce exposure to risk, and require clinicians, data scientists, ethics organizations, regulators 
and patients to work collectively. However, the potential benefits are undeniable; by allowing 
AI to augment human abilities, simplify resource management and boost patient experience, 
we have the potential to usher in a new era of health that is more organized, productive and 
patient-centered. Through responsible stewardship, innovation and collaboration, AI has the 
power to forever reshape health and well-being for individuals and communities. 
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ABSTRACT: Quantum computing is a potential technological revolution that will trans- 
form the entire field of information processing. However, quantum computing like classical 
bits in classical computers is operated using quantum bits principle physics based on quan- 
tum mechanics. Quantum computing explores many solution spaces simultaneously because 
of a fundamental difference from the classical computation paradigms, leading to the pos- 
sibility of exponential speed-up on some computational plant tasks. This paper discusses 
quantum computing with essential concepts like quantum superposition, entanglement, and 
applications such as cryptography, optimization, and drug discovery and machine learning. 
Quantum computing will enable numerous groundbreaking discoveries that were previously 
unattainable and will bequeath a lasting legacy in the digital innovation era. Quantum 
computing is an information processing technique that harnesses the laws of quantum 
mechanics to conduct calculations far faster circumvented by traditional digital computers. 
Digital computers utilize bits, which may take one of two forms: 0 or 1. This superposition of 
quantum superposition and entanglement yielded qubits unique qualities that can’t be 
expected in classical systems. Indeed, superposition enables qubits to take numerous forms 
simultaneously, while entanglement enables qubits to be connected such their properties are 
connected. In cryptography, quantum computers can decrypt existing cryptographic keys or 
develop new, more secure quantum encryption using qubits. Quantum computers can dra- 
matically accelerate materials science and drug design by allowing scientists to simulate how 
molecules interact more accurately. In conclusion, quantum computing represents a unique 
information processing change and has a future impact on science, technology, and society. 


Keywords: Quantum mechanics, computing, qubits, algorithms, cryptography 


1 INTRODUCTION 


Principles of quantum mechanics are quantum computer principles. They rely on a fresh 
dictionary of terms, including superposition, entanglement, and decoherence. Superposition 
is a statement that only likes classical waves in physics; you can add two or more quantum 
states for a different state that is still a valid quantum state. Alternatively, one can 
interpret all quantum states as a sum of two or more other distinct states. This superposition 
of qubits confers quantum computers their inherent parallelism, making it feasible to per- 
form millions of operations simultaneously. Quantum entanglement, when two systems join 
together closely enough that knowledge about one offers you knowledge about the other, no 
matter how far apart they remain. Processors may take a measurement of one particle and 
deduce something about another. They may, for example, determine that if the original qubit 
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actually spins up, the other qubit will always whirl down, and vice versa. Quantum entan- 
glement is the final driving force behind the quantum computer. When qubits are prepared, 
their quantum state collapses. The state is then able to be recorded as 0 or 1 in a known state, 
and qubit works like a classical bit. Entanglement describes the qubits’ potential for corre- 
lation to focus us on the other qubit state. Decoherence is a qubit’s loss of quantum state. 
Radiation may create the quantum state in the qubits to fall apart as a consequence of the 
qubits’ environmental factors. Construction of quantum computers presents a tough engi- 
neering problem because it includes designing and constructing various features to impede 
the qubit states decoherence. Quantum computing has rapidly evolved into a transforma- 
tional computing paradigm that has intrigued the scientific, corporate, and political worlds. 


2 LITERATURE REVIEW 


2.1 Basic theoretical foundations to prospective applications 


The basic yet fundamental theoretical concepts of quantum computing: The previous works of 
prominent individuals and contributions to the theoretical basis of quantum computing have 
become fundamental building blocks of quantum programming. This literature includes an 
introduction to quantum superposition and entanglement, quantum gates, as well as the under- 
lying principles behind the exponentially faster quantum algorithms compared to classical ones. 


2.2 Quantum bits (Qubits) 


Qubit is the basic quantum of information used in quantum computing. Qubit is distinct 
from a classical bit in that, while the latter may be either a 1 or a 0, qubits can exist as both 0 
and 1 simultaneously — this is known as superposition. As a result, quantum computers can 
conduct numerous computations simultaneously, resulting in tremendous speed improve- 
ments for specific types of computations through exponential parallelism. 


2.3 Superposition 


Superposition is among the fundamental principles of quantum mechanics which enables 
quantum systems to exist in harmony with more than one state simultaneously before 
measuring it. As applied in qubes, it allows them to hold more than one computational state 
simultaneously to enhance the computational power of quantum algorithms. 


2.4 Entanglement 


It is a quantum phenomenon whereby the quantum states of two or more particles are 
correlated in such a way that the state of one particle would be dependent on the other 
despite the spatial separation. It is significant in quantum computing since multiple qubits 
may be controlled jointly to create a solitary qubit to develop strong quantum algorithms 
such as quantum teleportation and superdense coding [1-3]. 


3 QUANTUM ALGORITHMS 


This area studies novel approaches via quantum techniques to approach computational 
problems. Several examples include factorization of large integers utilizing Shor’s algorithm, 
unstructured search afforded by Grover’s algorithm, or quantum simulation achieved in 
models of quantum systems. Both reviews are likely to consider the justification of proposed 
methods from a theoretical point of view and to determine how promising they are for real- 
world applications in practice. Thus, quantum algorithms are designed to be implemented on 
quantum computers and take advantage of quantum mechanics laws [4-7]. 
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3.1. Shor’s algorithm 


Shor’s algorithm was proposed by Peter Shor, a mathematician, in 1994, and is one of the 
most prominent quantum algorithms. It is capable of efficiently factoring large composite 
numbers into their prime factors, a task that is thought to be exponentially difficult for 
classical computers. As a result, Shor’s algorithm illustrates how quantum computers could 
be used to violate cryptographic primitives depending on the presumed difficulty of factoring 
large numbers, including RSA encryption. 


3.2. Grover’s algorithm 


The second significant quantum algorithm is Grover’s algorithm, created by Lov Grover in 
1996. This algorithm resolves the issue of unstructured search: when it is necessary to locate 
a specific object in a disordered database. Grover’s algorithm is only quadratically quicker 
than classical algorithm, so the search time is reduced to the square root of the quantity of 
objects in a database. While not exponentially faster like Shor’s algorithm, Grover’s algo- 
rithm still makes a significant difference for some search tasks. 


4 QUBITS 


Recent experimental progress in quantum computing has strongly contributed to quantum 
computing developments. Remarkably, over the last few years, researchers have been able to 
achieve substantial improvements in qubit coherence, gate fidelity, and error correction. 
According to many literature reviews, this rapid advancement in experimental platforms has 
resulted in experimental progress in superconducting qubits, trapped ions, photonic systems, 
and topological qubits [8]. 


4.1 Superconducting qubits 


One of the major platforms on which quantum computers are built is superconducting 
qubits. These superconducting qubits are generally composed of superconducting materials 
and controlled by microwave pulsed techniques. The Laboratory working on this kind of 
qubits fabricates the superconducting qubit circuits on the silicon or other substrate then 
cools them using the cryogenic systems to low temperatures near absolute zero. Some 
examples include the IBM Quantum Experience and the Sycamore processor by Google. 


4.2 Photonic qubits 


Photonic qubits use photons, i.e. the particle of light, as qubits. Quantum information is 
typically encoded in the polarization or path of individual photons. In experimental imple- 
mentations, single photons are generated, manipulated, and detected using photonic com- 
ponents such as beam splitters, phase shifters, and detectors. The advantage of photonic 
qubits lies in long-distance communication and can be seamlessly integrated with existing 
optical communication networks. Photonic quantum computing is researched by groups at 
the University of Bristol and National Institute of Standards and Technology. 


4.3 Spin qubits 


Spin qubits are using the spin states of electron or nucleus in semiconductor materials to 
store quantum information. In experimental implementations, quantum dots or defects are 
fabricated and electron or nuclear spins are manipulated using magnetic fields and micro- 
wave radiation. The major advantage of spin qubits is their compatibility with existing 
semiconductor fabrication techniques and potential scalability, groups from Intel and 
Microsoft are researching the possibilities. 
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5 QUANTUM SOFTWARE AND PROGRAMMING 


Quantum software and programming languages have gained importance as quantum hard- 
ware has matured. Several works have written survey papers on quantum programming 
languages, compilers, and software libraries, such as quantum algorithm tool development 
and implementation. While others have discussed existing tools and frameworks developed 
to handle such aspects and the challenges such as qubit connectivity, gate optimization, and 
error mitigation-related to quantum software development [9,10]. 


5.1 Quantum programming languages 


Quantum programming languages represent a high-level interface to develop quantum 
algorithms and quantum circuits. Notable examples include Qiskit, a library of open-source 
quantum code developed to interact with IBM’s Quantum computers, as well as Cirq for 
quantum computers created by Google and other quantum programming languages such as 
Quipper. Languages of the given type provide libraries victimized to characterize quantum 
bits and quantum circuits, as well as functions to perform quantum algorithms and simulate 
quantum calculations [11]. 


5.2 Quantum circuit design 


Quantum circuit design is the process of creating and optimizing quantum circuits for spe- 
cific computational tasks. Quantum circuits are built by applying series of quantum gates on 
quantum bits to manipulate their states, allowing various quantum operations to be per- 
formed. Common quantum software tools include quantum circuit design and optimization 
tools such as gate decomposition and gate synthesis, as well as various circuit optimization 
techniques [12]. 


6 QUANTUM APPLICATIONS AND USE CASES 


Cryptography, optimization, epistemic machine learning, and materials science are just a 
handful of the applied areas in which quantum computing has been shown to have promise. 
Literature rapidly reviews the leading quantum algorithms and methods behind quantum 
applications for quantum cryptography, portfolio optimization, quantum machine learning, 
and quantum chemistry simulations. These reviews provide a general overview of quantum 
computing’s potential impact on various industries and fields. 


6.1. Cryptography and security 


While quantum computers may easily break the traditional cryptosystems, such as RSA and 
ECC, due to Shor’s algorithm mentioned above, they may be applied to protect commu- 
nication through quantum cryptography. The specialty of quantum key distribution is in 
applying quantum mechanics principles to create unbreakable encryption and maintain a 
secure channel of communication. 


6.2 Optimization 


Quantum computing may provide essential benefits for optimization problems in various 
domains, including finance, logistics, and supply chain-related challenges. Quantum 
approximate optimization algorithm and quantum annealing allows finding optimal solu- 
tions to sophisticated optimization problems more effectively and allocate resources and 
schedules more efficiently [13]. 
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7 CHALLENGES AND FUTURE DIRECTIONS 


Despite the significant progress, quantum computing still has a number of challenges, 
including qubit coherence times, error rates, and scalability. Several literature reviews dis- 
cuss current research trends in solving these particular problems, including error correction 
and fault tolerance and quantum hardware design. In addition, some literature reviews dis- 
cuss various areas for future research on quantum computing, such as hybrid quantum- 
classical algorithms, quantum error correction provisions, and quantum internet approaches 
[14,15]. 


8 RESULTS AND DISCUSSION 


Quantum complexity theory refers to the study about computational quantum algorithms 
and problems’ complexity. The main objective is to gain an understanding of the inherent 
limits and capabilities of quantum computation and more specifically concerns the studying 
questions of impossibility, difficulty, and ability to parallelize. Quantum complexity theory 
comprises of such units as quantum Turing machines, quantum oracle models, and quantum 
complexity classes, e.g., BQP. Quantum walks are quantum analogs of classical random 
walks and can be a big in the various areas: in particular, they are useful for graph theory, 
optimization and algorithm design. Quantum walk search graphs more efficiently and faster 
than classical random walk, so they allow us to obtain quantum algorithms element dis- 
tinctness and spatial search. In quantum machine learning, quantum algorithms simulate or 
leverage quantum mechanics to complete machine learning tasks such as classification, 
regression, and clustering. The primary theme of quantum machine learning is to exploit 
quantum parallelism and entanglement to create useful quantum-enhanced machine learning 
algorithms that outperform classical such algorithms for specific tasks. The topological qubit 
is also a theoretical model. Topological qubits are qubits, in which individual information 
qubit is not determined by local properties of the qubit itself but by its non-local topological 
description. In practice, they are exotic materials or particles, such as topological insulators 
or Majorana fermions. The groups working in this field include those in Microsoft and 
Station Q. 

Hybrid quantum-classical algorithms combine classical pre-and-post-processing and 
quantum cores to solve optimization and other computational tasks and machine learning. 
They also demonstrate quantitatively or qualitatively better performance than traditional 
computing, such as the classic branch and knock or simulated annealing solvers. Quantum 
software frameworks give high-level tools to run a hybrid quantum-classical workload. 
Quantum variation algorithms, quantum approximate optimization algorithms, and 
quantum-enhanced technologies denoted once more as quantum-classical algorithms 
examples There is still rapid development on projects in quantum software and program- 
ming driven by rapid developments in quantum hardware, quantum software, and pro- 
gramming. By increasing the power and usability of quantum computers, as well as new 
quantum software users’ architecture tools, would be a key contribution for improving 
productivity and developing a human quantum computer use case. For example, quantum 
can implement investment portfolios more efficiently than classical computing. Quantum 
algorithms, like the quantum approximate optimization approach or quantum Monte Carlo, 
can release market trends and discover asset values. Hence, they provide asset distribution, 
transactions, and threat evaluations, effects, and gains. Also, quantum can optimize supply 
chain systems, including path order and wholesale dealing and contract processes respec- 
tively. Transport efficiency can be increased. Similarly, quantum can resolve multiple net- 
work problems and distribute resources, garments or parts in buses, railway science field, in 
traffic and retailing. Thus, the application areas of quantum computing are broad and 
promising across almost all economic sectors and scientific fields. Consequently, as quantum 
computing grows, the benefits of new devices are limitless and have the potential to trans- 
form integrations and economics globally. 
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9 CONCLUSIONS 


To conclude, the study of quantum computing is a journey into the quantum mechanical 
realm, where superposition, entanglement, and quantum uncertainty combine to redraw the 
bounds of computation. Once considered a theoretical novelty, quantum computing has 
become an expanding field over the prior decades, with the potential to revolutionize other 
sectors. Nevertheless, quantum technology’s expanding frontiers generate numerous pro- 
blems to qubit coherence, scalability, and software development. However, major strides 
have been completed in quantum hardware, algorithms, and error correction in the 
increasing technology of quantum computers. The prospects of quantum computing are 
varied, involving cryptography, optimization, drug manufacturing, learning approaches, 
and other things. Quantum computing will alter the possibilities of secure communication, 
drive economies, and research progress towards the creation of fresh materials and drugs. 
Quantum computing should be approached with curiosity, critical thinking, and collabora- 
tion. These interdisciplinary connections can handle the complexities and produce respon- 
sibility by creating sustainable quantum communities by multi-disciplinary research, 
forming diverse partners, and mitigating quantum allegations. The discovery of quantum 
mechanics is more than a faster computer and a harder problem. Knowing the fabric of 
reality and unlocking the mysteries of the quantum universe is not only a wonder to behold. 
At present, quantum mechanics weakens the human intellect to expand our knowledge and 
prepare the way for a changed future with quantum computing. 


REFERENCES 


[l] Aaronson, S. and Arkhipov, A. (2013). The Computational Complexity of Linear Optics. Proceedings 
of the 43rd Annual ACM Symposium on Theory of Computing (STOC); 9(4): 143-252. 

[2] Biamonte J. et al. (2017). Quantum machine learning. Nature, 549(7671): 195-202. 

[3] Brading, K. and Castellani, E. (2003). Symmetries in Physics: Philosophical Reflections. England: 
Cambridge University Press. 

[4] Caraiman, S. and Manta, V.I. (2013). Quantum image filtering in the frequency domain. Ady. Electr. 
Comp. Eng., 13(3): 77-84. 

[5] Cleve R. and Watrous, J. (2000). Fast parallel circuits for the quantum Fourier transform. USA; 
Redondo Beach: 526-536. 

[6] Grigoryan, A.M. and Agaian, S.S. (2024). 3-qubit circular quantum convolution computation using the 
fourier transform with illustrative examples. Journal of Quantum Computing, 6: 1-14. 

[7] Gwynlliw, DRH., and Peregrine, DH. (1996). Numerical simulation of Stokes flow down an inclined 
plane. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences, A452: 
543-565. 

[8] Jain, A. Jain, I. Gupta I. and Khatri, I. (2021). Ground level applications of quantum computers. 
International Journal for Technological Research in Engineering, 9(3): 32-37. 

[9] Kaye, P. Laflamme, R. and Mosca, M. (2007). An Introduction to Quantum Computing. England: 
Oxford University Press. 

[10] Li, S. Xu, L.D. and Zhao, S. (2015). The internet of things; a survey. Inf. Syst. Front., 17: 243-259. 

[11] Mermin, N.D. (2007). Quantum Computer Science: An Introduction. England: Cambridge University 
Press. 

[12] Nielsen, M.A. and Chuang, I.L. (2010). Quantum Computation and Quantum Information. England: 
Cambridge University Press. 

[13] Sahoo, S. Mandall, A.K. Samanta, P.K. Basu, I. and Roy, P. (2020). A critical overview on quantum 
computing. J. Quantum. Comput., 2(4): 181-192. 

[14] Yan, F. Iliyasu, A.M. and Venegas-Andraca, S.E. (2015). A survey of quantum image representations. 
Quantum Inf. Process, 12(1): 1-35. 

[15] Yanofsky, N.S. and Mannucci, M.P. (2008). Quantum Computing for Computer Scientists. England: 
Cambridge University Press. 


701 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Design and development of smart chair for physically challenged 
persons 


J. Indra, Chittesh, G.U., Dhanushpriya, K., Elayabharathi, K. & Gokula Krishnan, S. 
Department of ECE, KPR Institute of Engineering and Technology, Coimbatore, Tamil Nadu, India 


ABSTRACT: This project focuses on the design and development of a smart chair tailored 
to meet the specific needs of physically challenged individuals. The chair includes battery for 
power supply, an Arduino microcontroller for processing and control, temperature and 
pulse sensors for health monitoring, an emergency switch for immediate response, and a 
motion sensor for detecting user movement. Additionally, GSM and GPS modules are 
integrated into the chair for communication and location tracking purposes. Through 
research on existing smart chair technologies and collaboration with healthcare profes- 
sionals, the design concept aims to address key challenges faced by physically challenged 
individuals. The MEMS sensor is positioned along different dimensions are the following 
movements namely Forward, Backward, Right & Left are delivered with the help of the 
motor driver. These movements are performed with the delay time of four seconds. Safety 
features, connectivity options, and user-friendly interfaces are integrated to ensure a seam- 
less user experience. 


Keywords: Smart Chair, Arduino Uno, GSM, GPS, Sensors, Gesture Control, Motor 
Driver, Physically Challenged 


1 INTRODUCTION 


While the core functionalities of smart chairs revolve around health monitoring, safety fea- 
tures, and improved mobility, researchers are continuously exploring ways to expand their 
capabilities. Smart chairs may incorporate posture sensors and feedback mechanisms to 
subtly guide users towards a more ergonomic sitting position, promoting long-term spinal 
health. Imagine a chair that seamlessly adjusts temperature based on user preference or 
integrates with smart home systems to optimize lighting and ambient conditions. MEMS 
sensors and motor driver could enable chairs to automatically adjust settings like seat 
firmness and lumbar support for ultimate comfort. Smart chairs could potentially integrate 
with entertainment systems, allowing users to control music, adjust lighting, or even access 
relaxation techniques directly from the chair. 


2 LITERATURE SURVEY 


Jayakody. A, et al. [01] discussed the development of a smartchair aimed at facilitating 
individuals with disabilities. It covers aspects such as mobility assistance, navigation, and 
possibly other features tailored to the needs of disabled users. 

Shahnaz C, et al. [02] focused on designing a cost-effective smartchair equipped with 
mapping and control features. It develops into the technology used for navigation, control 
algorithms, and affordability aspects to make it accessible to a wider range of users. 
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Sarnali, et al. [03] explored a gesture-based approach to control smart wheelchairs, 
potentially offering an alternative interface for physically challenged users. It discusses ges- 
ture recognition algorithms, user interaction studies and implementation challenges. 

P. V. Baiju, et al. [04] introduced a smartchair designed specifically for physically chal- 
lenged individuals. It details features addressing mobility challenge advancements in control 
interfaces, ergonomics, or customization options. 

Chatterjee, et al. [05] proposed Cost Assistive Wheel Chair for Handicapped & Elderly 
people specifically cater to the needs of handicapped and elderly individuals. 

Wang, et al. [06] focussed on designing an advanced smart wheelchair aimed at improving 
the life of elderly and handicapped individuals. The study covers various aspects of the 
wheelchair design, including innovative features and technologies incorporated to enhance 
user experience. 

S. W. Brose, et al. [07] proposed the importance of assistive robotics in the lives of people 
with disabilities and examined the impact of assistive robotics on the persons with dis- 
abilities, highlighting the potential for robots to provide physical assistance and 
companionship. 

A. Milenkovic et al. [08] discussed the utilization of smartphones in enhancing the func- 
tionality of smart wheelchairs. It explores how smartphones can be integrated into smart 
wheelchair systems to provide additional features, improve user interaction, or enhance 
connectivity. 

R. Richard et al. [09] proposed the development or implementation of a system for smart 
navigation of wheelchairs using a human-machine interface (HMT). It explores how HMI 
technology can be utilized to improve the control and navigation of wheelchairs, enabling 
users to operate them more efficiently. 

T. Maryam Amur et al. [10] discussed the development or implementation of an IoT 
(Internet of Things) based smart wheelchair designed specifically to assist disabled indivi- 
duals. It details how IoT technology is utilized to enhance the functionality, connectivity, or 
accessibility of the wheelchair, potentially enabling features such as remote monitoring, real- 
time data collection. 

The proposed system aims to collect vital parameters of the human body and commu- 
nicates to the Arduino microcontroller. Based on the inputs the controller can initiate actions 
such as movement across the required direction, send messages through GSM and stop for 
emergency. The user interface and simple gestures for movement make the proposed system 
unique. 


3 PROPOSED SYSTEM 


The Arduino Uno is powered via an external power supply. The power supply is generated 
from 12V 7.5A rechargeable sealed lead-acid battery. Bridge rectifier transfers the 5V DC 
current to Barrel Jack pin of Arduino UNO. Motor driver controls the speed and direction 
of the motors. Al and A2 pins of motor driver connected with Arduino-UNO TX(Transmit) 
and Arduino-UNO digital input (6™ pin). B1 and B2 pins of motor driver are connected to 
Barrel Jack of Arduino-UNO. There are two motors namely Motor-A and Motor-B that are 
connected to motor driver pins (MAI, MA2, MBI, MB2). 

In push button, power supply input (VCC) receives power from bridge rectifier and power 
supply ground (GND) is connected to digital input (6™ pin) of Arduino UNO. In Arduino 
UNO, power supply ground (GND) is connected to power supply ground (GND) of 
SIM800L GPRS-GSM module where it receives power supply from bridge rectifier. 
Similarly, digital input pin (TX pin) of Arduino UNO is connected to TX pin of SIM800L 
GPRS-GSM module. 

Analog output of Arduino UNO is connected to the analog output of Temperature sensor 
(3-pin NTC thermistor). SCL (12C serial clock) of Arduino UNO is connected to SCL (12C 
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serial clock) of MEMS sensor (MPU 6050). Similarly, SDA (I2C serial data) of Arduino 
UNO is connected with SDA (I2C serial data) of MEMS sensor (MPU 6050). Analog input 
(Al) of Arduino UNO is connected to Signal pin of Heartbeat sensor (KY-039). 
Temperature sensor, Heartbeat sensor and MEMS sensor receives power supply from bridge 
rectifier. Figure 1 represents the block diagram of the proposed system. 


Arduino UNO 


Heartbeat 
sensor 
Temperature 
sensor 
Push Button 


Figure 1. Block diagram. 


The operating range of 3-pin NTC thermistor temperature sensor ranges from 20°C to 
80°C and working voltage ranges from 3.3V — 5V. If the temperature goes above 47°C, the 
operating user receives the message notification through GSM module. Heartbeat sensor 
(K Y-039) regularly monitors the pulse of the person by using their fingers. The output is 
measured in BPM (Beats Per Minute) and shared to the user. In case of emergency, the user 
can press the emergency push button and it gives the alert news to the user by sharing their 
location through GPS and alert message. Circuit diagram depicting an Arduino Uno with a 
temperature sensor, heartbeat sensor, and two motors is shown in Figure 2. 

The following actions are performed by the motor driver using MEMS sensor for the 
dimension coordinates given below: 


© X<0,Y>-5 & Y <5, Z<9-— motor moves in the forward direction. 
G) X>4,Y<2& Y>5, Z< 51 -— motor moves in the backward direction. 
Gii) X>-3, Y>-9& Y<1,Z<9 & Z>4- motor moves in the right side. 
(iv) X<3&X>-1,Y>4&Y<9,Z<9 & Z>2- motor moves in the left side. 


Figure 2. Circuit diagram. 
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In this project, the outputs from Temperature sensor (3-pin NTC thermistor), MEMS 
sensor (MPU 6050) and Heartbeat sensor (K Y-039) are given to the Arduino UNO. The 
Arduino UNO processes the inputs and decides the output based on the different conditions. 
If temperature goes above 47°C, it sends the alert message to registered user through GSM 
module. If mems sensor is positioned along different dimensions, the following movements 
namely Forward, Backward, Right & Left are delivered with the help of motor driver. 
Heartbeat sensor (K Y-039) regularly monitors the pulse of the person by using their finger. 
The output is measured in BPM (Beats Per Minute) and shared to the registered user through 
GSM module. Further, Arduino sends the current location of the subject through GPS 
module. 


4 RESULT AND DISCUSSION 


The proposed smart chair represents a significant leap forward in the realm of assistive 
technology, particularly for individuals with mobility impairments. Its design integrates 
several cutting-edge components, each serving a specific purpose to enhance the user 
experience and address various needs comprehensively. Figure 3 represents the hardware 
model of the proposed system. Firstly, the integration of Micro-Electro Mechanical Systems 
(MEMS) into the chair’s framework enables precise control and adjustment of its func- 
tionalities. MEMS technology, known for its miniature size and efficient performance, 
allows for seamless integration of sensors and actuators, facilitating smooth operation and 
customization tailored to individual preferences and requirements. 


longitude: 


Abnormal Heartbeat 
latitude:- A@N, 
longitude: A@E 


Abnormal Heartbeat 
latitude A@N, 


longitude: A@E 


Abnormal Heartbeat 
latitude A@N, 
longitude: A@E 


Figure 3. Hardware model, message received from smartchair. 


Additionally, the inclusion of pulse sensors and temperature sensors adds a layer of real- 
time monitoring and health assessment to the chair’s capabilities. Pulse sensors continuously 
monitor the user’s heart rate, providing valuable insights into their cardiovascular health and 
overall well-being. Meanwhile, temperature sensors ensure a comfortable seating environ- 
ment by regulating temperature and humidity levels, preventing discomfort or potential 
health issues associated with prolonged exposure to unfavorable conditions. The following 
movements namely Forward, Backward, Right, Left are performed with the delay time of 
four seconds. Motor driver helps to change these movements. 
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5 CONCLUSION 


Smart chairs are a game-changer in assistive technology, offering a one-stop shop for people 
with physical challenges. They combine batteries, minicomputers (Arduinos), sensors, phone 
technology (GSM & GPS), alarms, and motors to help people move around safely, stay 
connected, and keep an eye on their health. The proposed smart chair for physically chal- 
lenged persons represents a significant advancement in assistive technology, aiming to 
enhance the comfort, safety, and accessibility of individuals with mobility impairments. 
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ABSTRACT: Potatoes are a crucial crop worldwide, yet they face significant threats 
from various diseases that can harm yield and quality. Prompt identification and treat- 
ment of these diseases are vital for food security and agricultural productivity. 
Convolutional Neural Networks (CNNs), a form of deep learning, have demonstrated 
promising capabilities in detecting plant diseases via image-based analysis. This research 
aims to identify early disease indicators in potato leaves using CNN. The proposed system 
will accurately classify new images as healthy or diseased after being trained on a dataset 
comprising photos of healthy and diseased potato leaves. Early detection enables farmers 
to take swift action, curbing disease spread and minimizing crop losses. The suggested 
system could serve as a valuable tool for monitoring crop health and implementing 
necessary precautions to ensure a robust harvest. The study utilized the Potato Disease 
Leaf Dataset (PLD), encompassing 4072 raw images across training, testing, and vali- 
dation sets, with three classes: Healthy, Early Blight, and Late Blight. The CNN algo- 
rithm achieved high accuracy, reaching 98.2% when trained on raw potato leaf images 
from different classes. Future endeavors may involve implementing this model through 
APIs and GUIs to enable early disease detection in potato leaves, providing significant 
benefits for farmers. 


Keywords: Deep Learning, Convolutional Neural Network (CNN), Early Blight, Late 
Blight, Healthy 


1 INTRODUCTION 


Although potatoes are among the most important staple food crops worldwide regarding 
economic and global food security, they suffer from many diseases that significantly limit 
their production. Most of these are caused by either bacteria or viruses, but there is a host of 
fungal problems as well. Diseases caused by these pathogens lead to huge financial losses on 
the part of the farmer, as tubers affected by these infections have a significantly reduced yield 
and quality [1,2]. Early disease detection and accurate disease diagnosis in potato plants will 
facilitate the decrease of crop damage and the application of effective disease management 
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practices. Early disease detection helps farmers act appropriately to arrest infection spread in 
time, thus reducing the need for chemical applications and lowering crop losses. Currently, 
disease detection and diagnostic methods mainly depend on laborious and subjective visual 
inspection of crop diseases by skilled agronomists. In Section 2, the paper discusses related 
works; in Section 3, it discusses methodologies; in Section 4, it discusses experiments and 
results; in Section 5, discussions regarding the results; finally, in Section 6, conclusions and 
future work. 


2 RELATED WORKS 


Many research works have been carried out on the use of CNNs for early detection of the 
disease in the leaves of potatoes. Smith et al., 2019, proved that CNN has been helpful in 
the early detection and control of the late blight disease in potato leaves. By doing this, 
Jones et al. (2020) developed a CNN architecture highly tailored to the characteristics of 
potato leaves and, with great success, managed to detect several ailments in the plants, 
such as early blight and leaf mold in the early stages. Thus, from these studies, it is well 
demonstrated how CNNs can effectively pick very minute signals for disease in potato 
plants, allowing timely prevention against the disease. “Early Detection of Potato Late 
Blight Disease Using Deep Learning Techniques” by Smith et al. (2019) This work 
involves using Convolutional Neural Networks in the earlier detection of late blight dis- 
ease on potato leaves. A dataset has been acquired that includes images of healthy and 
infected or diseased potato leaves at different stages of infection. Lastly, a CNN model is 
learned to classify an image for detecting late blight disease. Results show the effectiveness 
of CNN on very minute symptom recognition of late blight, which can help to adapt 
proactive management for outbreak control. [1-5]. The Jones et al. (2020) paper presented 
research on “Deep Learning-Based Detection of Potato Diseases Using Leaf Images.” This 
included a study toward employing CNN to detect several diseases affecting potatoes from 
leaf images, including early blight and leaf mold. This research is designed to develop a 
specific architecture of CNN according to the characteristics of potato leaves. It depends 
on a large number of datasets to train the model. This study demonstrates that CNNs 
could most likely detect diseased potato plants even at an early stage, thus forming a basis 
to take timely intervention and protective measures [6,7]. The research results have shown 
that the proposed integrated strategy should diagnose diseases occurring in potato plants 
early, which may direct better practices for crop management [8]. A rich literature exists on 
detecting, classifying, and predicting agricultural and medical diseases using machine 
learning and deep learning algorithms [8-16]. 


3 METHODOLOGY 


There are numerous essential elements in the process of using Convolutional Neural 
Networks (CNNs) for early-stage disease detection in potato leaves. First, a variety of 
datasets of photographs of potato leaves—both healthy and diseased samples—are gathered 
and preprocessed to improve features and lower noise. Subsequently, a CNN architecture 
with many convolutional and pooling layers for feature extraction is built, specifically 
adapted to the properties of potato leaf pictures. After that, supervised learning techniques 
are used to train the model on the preprocessed dataset. Performance is tracked and adjusted 
to maximize accuracy and generalization. Using validation and testing sets, the trained CNN 
model is evaluated to determine how well it can distinguish between healthy and diseased 
potato leaves. When the CNN model performs well enough, it is used in real-world 
applications. 
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Figure 1. Flow diagram for proposed methodology. 


3.1 Data collection 


The potato leaf dataset comprises 4,072 images categorized into three classes: early blight, 
late blight, and healthy. 


Plant Village Dataset Plant Village 


Classes Images 

- Dataset 
Early_Blight 

= m Early_Bligh 
Late_Blight t 
Healthy E Late_Blight 


Total No. of Images 


Figure 2. Overview of plant leaf dataset. 
Figure 3. Classes in dataset. 


3.2 Data preprocessing 


Resize all images in the dataset to a uniform size to ensure consistency. Typically, a square 
aspect ratio is preferred for CNN models. Common sizes range from 128x128 to 256x256 
pixels, Normalize pixel values of the resized images to a common scale, usually in the range 
of [0, 1] or [-1, 1]. Normalization helps in stabilizing the training process by ensuring that 
features have similar ranges, which can improve the convergence and performance of the 
CNN model. Augment the dataset through transformations such as rotation, flipping, 
scaling, and shifting. Data augmentation helps increase the diversity of the dataset and 
improves the model’s ability to generalize unseen data. 


3.3 Splitting the dataset 


Divide the preprocessed dataset into training, validation, and testing subsets. The training 
subset is employed to train the CNN model, the validation subset is utilized for fine-tuning 
hyperparameters and monitoring training advancement, and the testing subset is employed 
to assess the ultimate model performance. The dataset has been partitioned based on an 
80%-10%-10% ratio relative to its size. 


3.4 Model classification using convolutional neural networks (CNN) 


The following steps will be followed in developing a model for disease detection classifica- 
tion model of potato leaves using (CNNs). First, there should be a pre-processed dataset of 
images of the potato leaves labeled as early blight, late blight, and healthy. Preprocessing 
involves the reduction of photo sizes to a standard size, normalizing the pixel values, and 
increasing the diversity of the datasets through augmentation techniques. So, in this line, a 
CNN architecture had been modeled with pooling layers to down-sample dimensionality 
and convolutional layers for extracting features. The constructed model is then trained on 
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the preprocessed dataset with the chosen relevant loss function, optimizer, and evaluation 
metric. The model distinguishes healthy and diseased potato leaves by changing the para- 
meters through gradient descent and backpropagation in the training process. Early stop- 
ping, regularization techniques, and hyperparameter tuning are carried out to get the 
maximum performance out of the model while avoiding overfitting. 


3.5 Compiling the model 


CNN are used to identify diseases in potato leaves. To build the CNN model, we first design 
its architecture using the Sequential model from the Keras toolkit. The design consists of 
max-pooling layers to lower dimensionality after a sequence of convolutional layers with 
ReLU activation functions for feature extraction. Next, to aid in classification, a fully con- 
nected layer with ReLU activation is added. Finally, a softmax layer is added to provide 
probabilities for the three classes—healthy, late-blight, and early blight. After defining the 
model architecture, we use the Adam optimizer, the accuracy metric to assess the model’s 
performance during training, and the categorical cross-entropy loss function (fit for multi- 
class classification problems) to assemble the model. 


3.6 Training the model 


The PLD dataset was divided into three sections: training, validation, and testing. The 
PDDCNN model underwent training using the training dataset, while the performance of the 
proposed model was evaluated using the validation and test datasets. The datasets were parti- 
tioned into proportions of 80%, 10%, and 10% for training, validation, and testing, respectively. 
Specifically, 3257 samples were allocated for training, 403 for validation, and 403 for testing 
within the PLD dataset.. For the investigation, the model employed the Adam optimizing 
algorithm. The training images for the current investigation were obtained while keeping the 80% 
image ratios from the class labels early blight, healthy, and late blight, respectively. A 10% ratio 
was used to further divide the remaining 20% of unprocessed photos into validation and testing. 


3.7 Testing the model 


Training the CNN model on the training dataset and assessing its performance over several 
epochs on the testing dataset constitutes the testing process. The model modifies its predic- 
tions and iteratively changes its parameters based on the training data at each epoch to 
minimize the loss function. To keep track of its development and avoid overfitting, the 
model’s performance is evaluated on the validation dataset at the end of each epoch. We 
control how many times the model runs through the training dataset by defining the number 
of epochs. Here I have performed a total of 50 epochs for the PLD Dataset. 


4 EXPERIMENTS AND RESULTS 


After training and testing the CNN model for disease detection in potato leaves, the results 
for all three classes—early blight, late blight, and healthy samples—are as follows. The 
model achieved an accuracy of 98% in classifying early blight samples, correctly identifying 
162 out of 163 samples. For late blight samples, the model achieved an accuracy of 92%, 
correctly classifying 141 out of 151 samples. Regarding healthy samples, the model attained 
an accuracy of 99%, accurately identifying 102 out of 103 samples. These results demon- 
strate the effectiveness of the CNN model in distinguishing between different classes of 
potato leaf samples, with high accuracies across all three classes. 

The model’s ability to accurately classify healthy samples indicates its robustness in dis- 
tinguishing between diseased and healthy potato leaves. Additionally, the high accuracies 
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achieved for early blight and late blight samples highlight the model’s potential for early- 
stage disease detection, which is crucial for timely intervention and effective disease man- 
agement in potato cultivation. Overall, the results suggest that the CNN model holds pro- 
mise as a valuable tool for automated disease detection in potato leaves, contributing to 
improved crop yield and agricultural sustainability. 


5 DISCUSSIONS 


The CNN model showed promising performance in accurately categorizing potato leaf sam- 
ples into three groups: early blight, late blight, and healthy. It was assessed for accuracy across 
all categories, with each representing a distinct leaf condition. The model exhibited high 
accuracy rates, achieving 98% accuracy for early blight, 92% for late blight, and 99% for 
healthy samples. These findings highlight the model’s efficacy in distinguishing between dis- 
eased and healthy potato leaves, especially excelling in identifying late blight and healthy 
samples. The accuracy graph demonstrates the model’s performance on both training and 
validation datasets across epochs, while the loss graph depicts the training and validation loss. 


Training and Validation Accuracy Training and Validation Accuracy 


oo 25 50 75 100 WS 150 175 


Figure 4(a). Model’s accuracy graph. Figure 4(b). Model’s loss graph. 


In the accuracy graph, the gap between the training and validation accuracies narrows 
over time, suggesting that the model generalizes well to unseen data. Similarly, in the loss 
graph, we observe a decreasing trend in both training and validation loss over epochs. This 
indicates that the model effectively minimizes its loss function during training, leading to 
improved performance. The convergence of training and validation losses further demon- 
strates the model’s ability to generalize and avoid overfitting. Overall, the discussions and 
visualizations highlight the CNN model’s effectiveness in disease detection in potato leaves, 
with high accuracy rates and well-behaved accuracy and loss curves during training. These 
findings underscore the potential of CNNs as powerful tools for automated disease diagnosis 
in agriculture, facilitating timely intervention and improved crop management practices. 


6 CONCLUSIONS AND FUTURE WORK 


In conclusion, the utilization of Convolutional Neural Networks (CNNs) for identifying dis- 
eases in potato leaves exhibits promising outcomes, achieving high accuracy rates across var- 
ious categories, including early blight, late blight, and healthy specimens. The CNN model 
effectively discerns between diseased and healthy potato leaves, demonstrating particularly 
notable proficiency in detecting late blight and healthy samples. The accuracy and loss graphs 
further validate the model’s strength and capacity to generalize to unseen data, with consistent 
enhancements in accuracy and declining loss over epochs. These results emphasize the 
potential of CNNs as valuable instruments for automated disease diagnosis in agriculture, 
providing farmers with a dependable method for detecting and managing diseases in potato 
crops. By enabling the early detection of diseases, CNNs can facilitate timely intervention and 
enhance crop yield and agricultural sustainability. For future endeavors, various avenues for 
research and development can be explored to enhance the effectiveness and applicability of 
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CNNs for disease detection in potato leaves. One possible direction is to broaden the dataset to 
encompass a broader range of potato diseases and environmental conditions, allowing for 
more thorough training and testing of the CNN model. Additionally, exploring the integration 
of advanced techniques like transfer learning and ensemble methods could enhance model 
performance and generalization to new datasets. Moreover, implementing CNN-based disease 
detection systems in real-world agricultural settings offers opportunities for practical applica- 
tion and validation. Collaborating with farmers and agricultural experts to deploy and eval- 
uate CNN models in field conditions can provide valuable insights into the usability and 
effectiveness of these systems in practical scenarios. 
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ABSTRACT: The challenge of identifying and categorizing fruit illnesses is extremely 
complex because different fruit varieties can have noticeable differences in their features. We 
use a feature vector technique to handle these difficulties since we know it works well for 
managing this kind of variability. Every fruit goes through picture pre-processing to improve 
its representation before features are extracted. Together with the fruit samples, we establish 
a classified training dataset that we use to build a Convolutional Neural Network (CNN) 
model sorting fruits into fresh and rotting categories is the main goal. Important phases of 
the suggested model’s development include feature creation, classifier learning, and pre- 
processing. 


Keywords: Convolutional Neural Network (CNN), deep learning 


1 INTRODUCTION 


India is the second-greatest fruit producer in the world, with 44.04 million tons produced 
there. Ten percent of the world’s fruit is produced in India. The majority of Indians rely on 
agriculture. Thus, many diseases and ever-changing weather patterns have a significant 
influence on crops, resulting in decreased crop yield. India is the second most populous 
country on the list, and its population is continually growing. So food consumption will 
naturally rise as a result. India grows both fruits and food crops. It’s important to evaluate 
the good and bad fruits. The biological area can benefit greatly from the emergence of new 
technologies like digital image processing and image analysis. Approximately 78% of 
farmers in India are marginal farmers, meaning they have few resources. As a result, they are 
not in a position to make use of the resources at their disposal to boost productivity. A 
software that is easy to use will assist the farmer in detecting the disease to some degree 
through the use of image processing techniques. Our image processing software detects the 
disease, enabling the farmers to take preventative measures. Lation is predicated on farming. 
In order to identify diseases in plums, Ahmad et al. (2011) presented a convolutional neural 
network (CNN) method. Using the most accurate method currently available, mobile devi- 
ces showed a noteworthy accuracy score of 92 in distinguishing between healthy and diseased 
leaves and fruit. 


1.1 Fruit identification and detection using DL 


Several academics have employed deep learning (DL) for automated harvesting in order to 
carry out in-depth research on fruit identification and recognition because of DL‘s remark- 
able capacity to obtain highly complex features from fruit images (Figure 1). The funda- 
mental design of a DL-based ANN for fruit recognition and detection 
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Figure 1. Fruit classification. 


To extract fruit qualities, the CNN’s convolutional layer is essential. Convolution pro- 
cedures can yield useful fruit feature maps by capturing the contours of fruit pictures, based 
upon the convolutional kernel that is utilized. By sampling the maximum or average value 
within a neighbourhood range, the pooling layer minimizes the spatial size of the fruit fea- 
ture maps and performs down sampling processes. Activation functions are used by a non- 
linear activation function to process the incoming data. Every active cell in a layer above the 
completely linked layer is associated to every other neuron in that layer. 


2 RELATED WORKS 


Surbhi Garg India is well recognized as the primary global producer of grains, rice harvests, 
spices, and other agricultural products. The traits of the crop, as determined by the devel- 
opment and production of the plants. Therefore, in the cultivation industry, the ability to 
identify plant diseases is essential. Plants are extremely vulnerable to diseases, which can 
impede their growth and upset the agronomist’s natural equilibrium. Early detection is made 
feasible by the need for an automatic disease detection system. of a plant disease. Plant 
disease identification algorithms go through multiple phases, such as feature extraction, 
segmentation, classification, and pre-processing. Upon analysis of the KNN classifier’s 
performance, it is discovered that it outperforms other techniques in terms of defect identi- 
fication and accuracy. P Nagaraj; V. Muneeswaran Goal: Papaya infections are difficult to 
diagnose in farmers, which is why there has been a lot of study done recently to help in the 
field of machine learning. Method: We will use a CNN algorithm to identify the effective 
condition and provide the right drug to treat it, enabling us to conduct the necessary steps on 
schedule. Result: Inception serves as the primary architecture in the CNN algorithm. 

With conception, we can get an accuracy of about 97%. Md. Prince Mahmud, Bangladesh is 
primarily an agricultural country. Most people rely on agriculture for their livelihood. 
However, it is a sad fact that a number of illnesses are causing our fruit supply and quality to 
decline. People in our country are finding a lot of new, uncommon illnesses in the fruits that 
grow in our area, but we are unable to identify these illnesses and the issue is getting worse 
every day. Consequently, in order to address this problem, adequate treatment or recuperation 
is required. It should go without saying that, given the age we live in, technology might be 
quite useful in diagnosing these conditions. It’s critical to first detect any tree diseases because a 
plant’s health is mostly dependent on its leaves. We can stop the disease from spreading to the 
fruit and tree as a result. Through our research, we are attempting to discover illnesses of trees 
and leaves. We have a strong interest in researching lychee tree disease. Therefore, we can 
support Bangladesh’s economy by keeping our lychee fruit healthy. To ensure that the leaves 
are fresh, we employ very advantageous state-of-the-art image processing techniques. It is very 
challenging to diagnose any condition only by glancing at the leaves. 

Our technology makes advantage of an innovative technique known as picture manip- 
ulation. Convolutional neural networks, or CNNs, are used for This categorization techni- 
que is based on transfer learning. The study’s conclusion was successful, as evidenced by the 
Inception-V3 model’s highest accuracy of 92.67%, which outperformed the other two 
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models. We used the Xception, the InceptionV3, & VGG16 algorithms in this instance. In 
Crop Yield Prediction (CYP), (ML) as a tool for decision-making is essential since it facil- 
itates decisions about which crops to sow and what to do during the growing season. 
Numerous strategies have been developed to explore the prediction of crop yields through 
the usage of artificial intelligence algorithms, in addition to a systematic review that gathers 
and produces the elements utilized for CYP, the subject of this work. 

The primary disadvantages of the neural network are decreased relative error and 
decreased crop yield forecast effectiveness. Similar to this, supervised learning techniques 
were unable to understand the nonlinear relationship between the input and output variables 
while deciding what fruits to grade or sort. The development of an accurate and effective 
model for crop classification—which encompassed estimation of crop yield based on the 
environment, disease of crops, and classification of crops based on growing phase—was the 
goal of numerous studies that were suggested for the improvement of agriculture. 


2 METHODOLOGY 


3.1 Convolutional neural network (CNN) 


CNNs are widely used in computer vision, including text classification utilizing natural 
language processing, and have established themselves as the industry standard in various 
visual applications. CNN is highly proficient in recognizing gradients, lines, circles, faces, 
and even eyes when it comes to pattern recognition in an input image. The convolutional 
layer is a special kind of layer that boosts CNN‘s power. The convolutional layer is a 
crucial component of the convolutional neural network. A convolutional layer is com- 
posed of convolutional the kernels, which are tiny, square templates that scan an image for 
patterns. 


3.2 Proposed methods 


Using Convolutional Neural Networks (CNNs) in particular, deep learning can be used to 
predict fruit diseases by automatically extracting patterns and features from pictures of both 
healthy and diseased fruits. 


3.3 Data collection and preprocessing 


Creating the Dataset: Compile a varied dataset with pictures of both good and unhealthy 
fruits. Make sure there are a range of fruits and illnesses included. Data augmentation: To 
artificially generate extra training instances, apply random modifications like rotation, 
scaling, and flipping to the dataset to increase its diversity. 


3.4 Model architecture 


Convolutional Neural Network (CNN): Make use of a CNN design. Because it can capture 
local patterns and spatial hierarchies, CNNs are well-suited for image classification 
applications. 

Proposed Block Diagram (as shown in Figure 2) 

The following is a step-by-step process of the project: 

Step1: The user uploads the picture of the fruit. 

Step 2: The image’s characteristics are extracted once the CNN Algorithm has reduced the 
size of the picture to the required dimensions. 

Step 3: The name, shape, size, and color of the fruit are extracted from the photograph. 
Following that, the image is added to the dataset for the following study. 
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Step 4: Using feature extraction and K-Means clustering, the image is mapped to the 
pertinent clusters, and the diagnosis is then ascertained. 

Step 5: The inserted cluster defines the illness—decaying fruit, as opposed to fresh fruit— 
and describes the state of the fruit. 

Step 6: After a final determination, the user receives the fruit’s state as an output. 


Figure 2. System architecture. 


3.5 Datasets 


We validated our findings with a publicly available photo dataset of citrus fruit ailments. 
The Citrus Fruits The data set, the hybrid the data set, and the Lemon Greens Dataset are 
the three datasets included in this database. These datasets comprise five groups in total, four 
of which are diseased and one of which is healthy. 


3.6 Data augmentation 


The technique of adding new data to an original set by applying various operations, including 
tumbling, rotating, and so forth, is known as “data augmentation” in machine learning [25]. 
Figure | illustrates how feature extraction is done using a deep learning model. Because of this, 
building a deep learning model often requires a sizable amount of training data. The subsequent 
These processes are applied on the image using mathematical techniques: Examine the original 
data in detail. Equation 1: 255 values is inverse in picture I. — EI (c) = EI (c) (1) On the other 
hand, c represents an RGB color channel and 7 c represents the initial input picture for the color 
channels of pixels a. The same level for the inverted image can be expressed by Q c, as can be 
seen in Equation 2 for a fuzzy image. (dx) equals (dx)s(dx) + dx(1 —s(dx)) (2) While Q (a) 
denotes the pixel a’s intensity, P(a) denotes the original objects‘ intensity, and K is the ambient 
light in the entire world. (a) represents the proportion of light emitted by the items. In the event 
that the surroundings are identical or homogenous, (a) can be expressed using Equation 3. (a) = 
x —Be(a). Contrast Enhancement Techniques Based Data Augmentation is shown in Figure 3. 


4 CONCLUSION 


The complex and varied qualities that are innate to various fruits, the work of detecting and 
classifying fruit diseases is extremely difficult. In this study, we present a thorough method 
that uses a feature vector to record pertinent attributes necessary for precise categorization. 
Image pre-processing techniques are used before feature extraction to improve the repre- 
sentation of each fruit by resolving the complications brought about by different textures, 
colors, and sizes. 


716 


Figure 3. Contrast enhancement techniques based data augmentation. 
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ABSTRACT: Edge computing is a recently developed concept and it is currently start- 
ing to satisfy the increasing a need for latest information analysis and reduced latency 
processing. The present research offers an in-depth analysis with a special focus on 
strengthening edge computing systems’ load-balancing and security features. When trying 
to improve the resource utilisation and make sure that mathematical activity is distributed 
equally across the edge nodes, load balancing techniques are required. Older methodol- 
ogies like least-connection and round-robin algorithms have been contrasted regarding 
the dynamic choices like hands-on load balancing and machine learning-based approa- 
ches. Criteria like instantaneous response time, utilisation of resources and scalability are 
used to assess how efficient these algorithms are. At the same time, this evaluation eval- 
uates the security protocols put in place in edge computing systems that fight against the 
increasing cyberthreats and also protect the sensitive data. In distributed edge environ- 
ments, the importance of systems for detection of intrusions, access control methods and 
encryption algorithms are looked at in order to ensure data availability, confidentiality, 
and integrity. 


Keywords: Edge Computing, Load Balancing, Encryption, Distributed Computing 


1 INTRODUCTION 


The growth of real-time applications, data-intensive services, and Internet of Things (IoT) 
devices has sped up the change in computing paradigms towards decentralised technologies 
in the recent years. As the need to achieve increased scalability, low-latency processing, and 
resource efficiency increases, edge computing has proven to be a practical answer. 
Computational power is brought closer to the data source via edge computing, frequently at 
the border of the network, when compared to standard cloud computing, which processes 
data in centralised data centres far from end users.The study also provides insight into the 
complicated connection between edge computing security and load balancing. While load 
balancing is intended to optimise performance and resources, security concerns have become 
especially relevant in decentralised environments to secure sensitive data and reduce cyber 
risk types, demanding an integrated approach that guarantees the consistency and depend- 
ability of edge computing systems. The second part of the present research analyses how 
access control techniques, cryptography methods and security protocols are implemented in 
edge computing systems. Edge nodes have been dispersed and around them are many con- 
nected devices. 
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2 EVALUATION OF TRANSFORMING LOAD BALANCING AND SECURITY 
IN EDGE COMPUTING: 


2.1 Early distributed computing 


The earliest distributed computing systems introduced the idea of putting processing power 
closer to data sources and end users. These systems distribute computing and data storage 
among several network nodes to increase performance and scalability. 


2.2 Emergence of IoT and edge devices 


A gigantic network of interconnected devices producing copious quantities at the periphery 
of the network, of data was generated by spread the Internet of Things (IoT) devices, sensors, 
as well as actuators. In order to reduce bandwidth utilization and delay, this resulted in 
requirement for data processing closer to the site of origination. 


2.3 Integration with Cloud and Hybrid Architectures 


Beyond isolated installations, edge computing has developed into a seamless integration with 
cloud and hybrid infrastructures. Through edge-cloud integration, businesses may take 
advantage of the cloud’s scale and resources while utilizing low latency and real-time pro- 
cessing capabilities of edge computing for dispersed applications. 


3 CHALLENGES 


Dynamic Workload Pattern In edge computing settings, workload patterns are naturally 
dynamic and impacted by several factors like ambient conditions, device mobility, and user 
demand. To avoid bottlenecks and performance degradation, load balancers need to be able 
to instantly adjust to variations in workload intensity. Shown in Figure 1 


Cloud Computing Pervasive Edge Computing 
pi 


Intemet of Things Smart Home Public Safety 


baeeeeeneeeeesensseessessseesesesss 


Figure 1. The computing ecosystem from cloud computing. 


3.1 Limited bandwidth and connectivity 


Edge nodes may function in circumstances with intermittent or limited bandwidth, which 
presents difficulties for load distribution and data transmission. To reduce data transmission 
overhead and latency, load-balancing algorithms need to prioritize jobs and consider net- 
work restrictions. 


3.2 Complexity of management and scalability 


The complexity in managing and coordinating the growth of edge resources as edge instal- 
lations rise to support an increasing number of devices and applications. 
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3.3 Integration with existing systems 


Interoperability issues arise when integrating edge computing technologies with older sys- 
tems and the current IT architecture. 


4 METHODOLOGIES 


4.1 Load balancing algorithms 


Different balancing techniques are used to efficiently distribute the computing tasks among 
the edge nodes. These algorithms are of two types: dynamic and static methods. Round- 
robin, minimal combination, and weighted round-robin are examples of static algorithms 
that deliver services exactly according to predefined criteria. Dynamic algorithms such as 
predictive load balancing and machine learning-based methods allocate resources in real- 
time to optimize efficiency and maximize resource utilization 


4.2 Performance evaluation 


Performance evaluation (PE) techniques needed to evaluate the efficiency and effectiveness 
of loadbalancing(LB) techniques in edge computing systems. Metrics such as throughput, 
scalability, resource utilization, response time, etc. are often used to measure the efficiency of 
load balancers under different operating conditions Various simulationbased(SM) methods, 
real-world tests, and benchmarking frameworks to evaluate the performance of LB algo- 
rithms in edge systems are used. 


4.3. Security mechanisms 


A variety of techniques are used in edge computer security systems to protect against 
cyberattacks, enforce access rules, and ensure security in data transfer Data transfer between 
edge nodes and their end users Encryption protocols. 


4.4 Optimization networks 


Network optimization techniques aim to reduce latency, reduce data transfer overhead, and 
improve data routing in edge contexts. To improve content delivery, offload network 
operations to edge nodes, and store frequently requested data, techniques including edge 
caching, content delivery networks (CDNs), as well as network function virtualization 
(NFV) are used. In edge computing designs, networking and software-denied networking 
(SDN) slicing provide for efficient data transfer and load distribution through dynamic 
network provisioning and resource allocation. Shown in Figure 2 


Figure 2. Edge computing, applications & challenges. 
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5 APPROACHES AND TECHNIQUES 


5.1 Load balancing techniques 


5.1.1. Round-robin 
Assures uniform workload distribution by distributing jobs in cycles between edge nodes 
every single step. 


5.1.2 Weighted round-robin 
Assigns weights to edge nodes according to performance level or capacity, allowing high- 
powered nodes to do more work. 


5.1.3 Predictive load balancing 
This approach forecasts future resource demands and delivers services using predictive 
analytics and past performance data 


5.2 Edge computing architectures 


Fog computing: By using central fog nodes to handle data in close proximity to the source, 
cloud is extended with fog computing capabilities to the network’s stream 

Mobile Edge Computing (MEC) aims to provide easy applications and services for mobile 
consumers by bringing the limit of computer resources and services cellular networks 
Interconnected computing resources at the edges of various access channels, such as Ethernet, 
WiFi, and 5G, enable edge applications to operate in different environmental technologies and 
deliver flexible services completely for it, it’s called multi-access edge computing, or MEC. 


5.3 Optimization techniques 


Edge Caching: To lower latency and ease network congestion, frequently requested data or 
content is cached at edge nodes, closer to end users. 
material Delivery networks (CDNs): In order to improve user experience and effectively 
provide cached material, dispersed CDN nodes can be deployed at the network’s edge. 
Network function virtualization, or NFV, is the process of virtualizing network services 
and functions so that they may be operated as software instances on edge commodity 
hardware, allowing for more adaptable and scalable network optimization and provisioning. 


5.4 Dynamic resource management 


Resource orchestration is the process of dynamically assigning and redistributing network 
bandwidth, storage, and compute resources in response to workload needs, application 
specifications, and edge node capabilities. . 


5.4.1  Self-healing mechanisms 

By putting self-healing mechanisms in place, edge services may be made highly available and 
reliable by automatically detecting and recovering from edge node failures or performance 
deterioration. 


6 RESULT AND ANALYSIS 


6.1 Load balancing performance 


Provide estimated performance metrics for the various load-balancing systems tested in the 
study, including response time, throughput, and resource consumption Test the performance 
of each LB method under different work conditions, such as low, medium, and high loads. 
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Investigate the differences between static and dynamic LB strategies and see how they 
optimize resource allocation and improve system performance. Determine if any load bal- 
ancing methods have performance problems or challenges, and suggest any possible fixes or 
alternatives. 


6.2 Resource utilization and optimization 


Evaluate the effectiveness of resource allocation and consumption techniques in edge com- 
puting architectures, such as elastic scaling and dynamic resource allocation. Test the flex- 
ibility of the system to available resources, network conditions, and operating systems. 
Examine the flexibility and scalability of the edge infrastructure to meet fluctuating work- 
loads and increasing demand. Identify where more automation or customization can be 
added to increase resource utilization and overall system efficiency. 


6.3 Impact of edge computing on application performance 


Discuss how latency-sensitive applications such as real-time analytics, video streaming, and 
Internet of Things apps impact edge computing in terms of performance and user experience. 
Provide case studies or findings that demonstrate increased user satisfaction, decreased 
latency, and improved application responsiveness. 


7 CONCLUSION 


This paper provides a comprehensive review of security and distributing loads in edge 
computing environments, highlighting the difficulties, strategies, techniques, and advance- 
ments in this rapidly growing field We use it a lot in business, effort, and security through 
empirical studies, simulations, and case studies -Learned a lot about the impact of imple- 
menting edge computing solutions in various industries. Our results highlight how efficient 
load balancing strategies are important to maximize resource utilization, improve system 
performance, and enhance the way users interact with edge computing systems we have 
shown that several strategies balancing static and dynamic edge loads -In working efficiently 
to divide computation work between them emphasizing nodes and preventing bottlenecks in 
performance under different operating conditions, we identified areas that could benefit 
from optimization innovation and automation to allocate resources more efficiently and 
effectively . In addition, the need for strong encryption protocols, access control mechanisms 
and intrusion detection systems to protect sensitive data, is protected from of cyber threats 
and we guarantee compliance with privacy laws is confirmed by our analysis of the security 
systems in Edge computers. 


8 FUTURE ENHANCEMENT 


Technological advances, stakeholder engagement, and changing needs for new information 
processing and processing environments will be key drivers for edge computing Edge com- 
puting has the potential to transform data processing, research, and action on the network 
stream, tackle major obstacles, and capture creative possibilities. 
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ABSTRACT: Navigating through large volumes of information has become increasingly 
challenging, highlighting the need for effective document summarisation techniques. This 
project aims to seamlessly navigate and summarize text documents using a combination of 
advanced methods, including BERT, Spacy and LexRank. The summaries generated by these 
models will be evaluated using the Rouge score to determine the most effective summarization 
approach. This paper proposes a supervised machine learning technique, Passive aggressive 
classifiers that uses Count Vectorizer and TermFrequency Inverse Utilizing Document 
Frequency Vectorizer for feature extraction to identify propaganda news based on the polarity 
of the associated article. Furthermore, this project incorporates a Passive Aggressive Classifier 
to distinguish between genuine and fake documents, enhancing the summarised document 
analysis and decision-making process. The integration of diverse summarisation techniques 
and a classifier contributes to a comprehensive solution for efficient information processing 
and verification. The aim of this research endeavor is to create a model that simultaneously 
handles summarising and assessing the authenticity of a provided news article. 


Keywords: BERT, LexRank, Spacy Rouge score, document summarization, Passive 
Aggressive Classifier, information processing, fake document detection 


1 INTRODUCTION 


The research explores the critical need for navigating vast digital content efficiently in today’s 
information-rich environment. As online information expands exponentially, users encounter 
challenges in extracting valuable insights and distinguishing between authentic and misleading 
content. Utilizing the potential of machine learning and natural language processing meth- 
odologies, the study aims to streamline document summarization and classification processes. 
Through automated summarization, users can distill large volumes of text into concise sum- 
maries, facilitating quicker comprehension and decision-making. Additionally, robust classi- 
fication methods empower users to identify trustworthy sources and detect misinformation, 
contributing to informed decision-making amidst the abundance of digital information. 

The research identifies the challenges posed by the overwhelming volume of online docu- 
ments across various domains. Traditional manual analysis methods are time-consuming and 
prone to information overload, exacerbating the difficulty of extracting relevant information. 
Furthermore, the prevalence of misinformation undermines trust in online content, high- 
lighting the need for reliable automated tools for document summarization and classification. 
By addressing these challenges, the study aims to enhance information retrieval, comprehen- 
sion, and decision-making in an era characterized by information abundance and mis- 
information proliferation. 

Key objectives of the research include implementing robust classification techniques to 
differentiate between real and fake documents, developing algorithms for automated 
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document summarization, and rigorously evaluating and validating the performance of these 
methods. By employing machine learning algorithms and optimizing feature engineering 
techniques, the study aims to accurately classify documents based on authenticity and cred- 
ibility, while generating concise summaries to extract key information. By assessing perfor- 
mance using benchmark datasets and evaluation metrics, the research aims to contribute to the 
advancement of document summarization and classification technologies, ultimately enhan- 
cing information retrieval and analysis processes across diverse domains and applications. 


2 LITERATURE SURVEY 


In recent years, Significant advancements in document summarization and classification have 
emerged due to the growing digital content and demand for efficient information processing [1]. 
Document summarization condenses large volumes of text into concise representations for 
quick comprehension and decision-making, while classification categorizes documents for tasks 
like information retrieval [2]. With the influx of online information, users struggle to extract 
insights efficiently and discern misinformation, driving research in this area [3]. A variety of 
approaches, from traditional statistics to advanced machine learning, have been explored [4]. 
This literature survey aims to comprehensively examine recent techniques and methodologies 
in document summarization and classification [5]. Studies like Chen et al. (2023) and Deny et al. 
(2023) utilize neural networks for summarization, while others focus on fake news detection using 
classifiers like Passive Aggressive [6]. Peggy Tang et al. (2023) employ reinforcement learning for 
summarization, but scalability and comparison remain unaddressed [7]. Jai Joshi et al. (2023) 
integrate multiple techniques for article recommendation, yet lack detailed effectiveness analysis 
[8]. Ehtesham Sana and Nadeem Akhta (2023) achieve enhanced summarization but note lim- 
itations in sentence relevance [9]. While studies like Philipp Hartl and Udo Kruschwitz (2022) 
achieve high accuracy in fake news detection, concerns arise over dataset biases [10]. Abdelkader 
Kaddour, Nassim Zellal, and Lamri Sayad (2022) utilize the TextRank algorithm for automatic 
summarization and machine learning-based automatic classification, with performance 
improvements but limited scalability discussion [11]. Overall, these studies contribute to the 
evolving landscape of document processing, highlighting both advancements and challenges [12]. 


3 EXISTING SYSTEM 


As meticulously outlined in the literature survey, a multitude of drawbacks plagues the 
current landscape of document summarization and classification models. Across various 
methodologies and approaches, each existing model carries its unique set of limitations, 
resulting in a diminished efficacy and accuracy in the generation of outcomes. Notably, the 
utilization of the Support Vector Method Algorithm to ascertain the veracity of documents 
has been associated with a decline in accuracy rates. Such challenges underscore the pressing 
need for ongoing research endeavours aimed at pioneering innovative solutions and for- 
tifying document summarization and classification systems. By addressing these limitations 
head-on, researchers can pave the way for advancements that promise to revolutionize 
information processing and analysis, thereby empowering users with more efficient and 
reliable tools for navigating the ever-expanding digital landscape. 


4 PROPOSED SYSTEM 


Utilization of the Passive Aggressive Classifier for assessing the authenticity of documents is 
facilitated, with the model being trained on labelled datasets to distinguish between genuine and 
fake information, thereby contributing to the identification of misleading or inaccurate content. 
Cutting-edge natural language processing methodologies like BERT, Sumy LexRank, and 
Spacy are effectively applied to generate summaries from diverse textual documents. The 
Blue Score metric is employed to quantitatively assess the quality of generated summaries, 
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serving as a benchmark for determining the accuracy and conciseness of the summaries 
produced by each technique. Finally, the best-summarized document is obtained. 

Learning from examples, the classifier swiftly figures out document relevance. As docu- 
ments are engaged with by users, information is efficiently organized and shortened by the 
classifier, providing a concise overview without unnecessary details. This streamlined navi- 
gation simplifies information access, allowing effortless retrieval of key insights. The 
adaptability of the passive- aggressive classifier is particularly highlighted in dynamic 
environments, ensuring a seamless experience even amidst changing data. 

In navigating summarized documents, a user-friendly approach to information explora- 
tion is introduced through the use of passive-aggressive classifier. Trained on labeled data- 
sets, this intelligent tool adeptly identifies pertinent details in documents, streamlining access 
to critical content. Its efficiency is evident as information is swiftly categorized and abbre- 
viated by the classifier, offering a succinct snapshot without delving into lengthy details. 
Serving as a dependable navigator throughout the user’s document exploration, the passive- 
aggressive classifier effortlessly navigates through the data landscape. 

Its adaptability remains a pivotal asset, ensuring effectiveness in highlighting relevant 
details amidst evolving information. It serves as a helpful assistant that not only organizes 
information neatly but also adjusts to the ever-changing nature of data. This adaptability 
proves invaluable in scenarios where information undergoes frequent updates or mod- 
ifications. In essence, a straightforward and efficient process is established by leveraging a 
passive-aggressive classifier for navigating summarized documents, providing users with a 
focused view of crucial information, thereby simplifying their document exploration 
journey. 


5 METHODOLOGY 


User uploads document | 
es. Document is uploaded — 


Classify document using Passive Aggressive Classifier { Notify user to upload a document 


poo o Document is real? y a 


| Generate summaries using Spacy. LexRank, BERT | | Notify user that the document is fake and end process 


@< 


| Calculate Rouge scores 


y 


{ Display summaries 


y 


Print highest Rouge score and it's method 
f 


Figure 1. Activity diagram. 


6 PROPOSED ALGORITHM 


The proposed algorithm for document summarization and classification integrates several 
key components and methodologies to efficiently process and analyze textual documents. 
Here’s an overview, with a focus on the specific methods mentioned: 


6.1 Data preprocessing 


Apply Porter Stemmer Method: Reduce words to their base or root form. Tokenization: 
Split text into individual tokens (words or subwords) Stopword Removal: Eliminate com- 
mon words (e.g., “the”, “is”, “and”). 
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6.2 Feature extraction 


Utilize TF-IDF (Term Frequency-Inverse Document Frequency): Calculate the significance 
of each word in a document relative to the entire corpus. 


7 IMPLEMENTATION 


e „Document Classification: 

Passive Aggressive Classifier: Training a binary classifier to differentiate between fake 
and real documents using labelled training data. This approach leverages the Passive 
Aggressive algorithm for efficient classification. 

.Document Summarization: 

Spacy: Spacy is utilized as a key component for text processing and linguistic analysis. It 
offers robust capabilities for tokenization, part-of-speech tagging, and entity recognition, 
laying the groundwork for effective summarization. 

e BERT (Bidirectional Encoder Representations from Transformers): Utilizing pre-trained 
transformer models like BERT to generate context-aware and informative summaries, 
ensuring high-quality summarization. 

e LexRank: Implementing graph-based ranking algorithms such as LexRank to identify 

key sentences based on their significance within the document, thereby enhancing the 
relevance of the generated summary 
.Evaluation and Validation: 
Rouge Score: Employing Rouge (Recall-Oriented Understudy for Gisting Evaluation) 
score for evaluation, quantitatively assessing the quality of generated summaries by 
comparing them against reference summaries. This comprehensive evaluation metric 
provides insights into the effectiveness of the summarization process. 

e By incorporating these methodologies, including Spacy, LexRank, and BERT, the pro- 
posed algorithm aims to offer a comprehensive and effective solution for document 
summarization and classification. This integration enables users to extract valuable 
insights from textual data with improved accuracy and efficiency, thereby facilitating 
informed decision-making and information retrieval 


8 OUTPUTS 


Prediction 


The news is predicted to be Real. 


Summarization 
Summary using SpaCy: 


WASHINGTON (Reuters) - Republican Senate Majority Leader Mitch McConnell said repealing the 
Obamacare health insurance system is a “pretty high item on our agenda” for the new Congress that was 
elected on Tuesday, calling it the “single worst piece of legislation” from the first two years of the Obama 
administration. He expects president-elect Donald Trump to send the Senate a Supreme Court nominee 
soon, and to review environmental regulations put in place by Obama, including on coal. 


Summary using LexRank 


WASHINGTON (Reuters) - Republican Senate Majority Leader Mitch McConnell said repealing the 

Obamacare health insurance system is a “pretty high item on our agenda” for the new Congress that was 
elected on Tuesday, calling it the “single worst piece of legislation” from the first two years of the Obama 
administration. McConnell told reporters he would like to see bipartisan comprehensive tax reform, and 


that border security should also be high on the to-do list. 


Figure 2. Prediction and summarization. 


9 CONCLUSION 


In conclusion, the project has achieved its primary objectives of developing a robust docu- 
ment summarization and fake news detection system. Through the utilization of advanced 
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algorithms such as Spacy, BERT and LexRank for summarization, coupled with the 
implementation of a Passive Aggressive Classifier for fake news detection, the system 
demonstrates promising capabilities in accurately summarizing documents and identifying 
deceptive information. The evaluation results have provided valuable insights into the 
effectiveness of the system, highlighting its potential to assist users in quickly extracting key 
information from textual documents while mitigating the spread of misinformation. Despite 
encountering challenges such as data availability and algorithm complexity, the project has 
made significant contributions to the field of document analysis and information verifica- 
tion. Moving forward, there are opportunities for further research and development, 
including the exploration of new summarization techniques and the enhancement of fake 
news detection algorithms. Overall, the project represents a step forward in addressing the 
evolving challenges of information summarization and verification in the digital age. 
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Optimizing data auditing in fog-to-cloud computing for enhanced 
security and efficiency 
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Namakkal, India 


ABSTRACT: Data users have been under pressure to transfer their complex on-premises 
data handling systems to private cloud service providers since the advent of cloud computing 
in order to benefit from more flexible and cost-effective solutions. To protect data privacy, 
confidential information must first be encrypted before being outsourced. This makes the 
conventional method of using data, which is based on keyword searches that aren’t encrypted, 
obsolete. Thus, turning on a secure cloud-based search service is essential. Given the volume of 
data owned by subscribers and documents stored in cloud storage, search services need to offer 
multi-keyword queries and result similarity grading in order to meet the demand for speedy 
data retrieval. Similar studies on searchable encryption often focus on a single phrase. Similar 
studies on searchable encryption typically focus on searching for a single term or Boolean 
keyword and do not differentiate between search results. In this work, we identify and solve the 
hard challenge of protecting privacy in multi-keyword sorted search over encrypted data in the 
cloud (MRSE) for the first time. We also outline a strict set of privacy requirements that must 
be met in order to put such a safe cloud data consumption system into place. 


Keywords: Data auditing and fog computing 


1 INTRODUCTION 


In the rapidly evolving world of Fog-toCloud computing, where processing and data storage 
are divided between centralized cloud servers and edge devices (Fog), data security has 
emerged as a major need. Strong auditing procedures are becoming more and more impor- 
tant to safeguard sensitive data as companies utilize this hybrid architecture to benefit from 
edge and cloud computing services. One of the most crucial things in this field is to design an 
efficient auditing system that maximizes resource utilization while also accounting for the 
unique characteristics of Fog-toCloud systems. The foundation for examining a novel 
auditing method and its potential to enhance data storage security in fog-to-cloud computing 
while maintaining scalability and efficiency is laid forth in this introduction. 


2 PROPOSED SYSTEM 


The proposed system aims to revolutionize data auditing within the context of fog-to-cloud 
computing, leveraging advanced techniques to bolster both security and efficiency. At its 
core, this system integrates cutting-edge technologies to seamlessly monitor and verify data 
transactions across the fog and cloud environments. By employing distributed ledger tech- 
nology, cryptographic mechanisms, and machine learning algorithms, the system ensures the 
integrity of data throughout its journey, from the edge devices in the fog to the central 
repositories in the cloud. Moreover, by optimizing auditing processes, such as through 
selective auditing and anomaly detection, the system enhances efficiency by reducing 
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overhead while maintaining rigorous security standards. Through this innovative approach, 
organizations can confidently embrace fog-to-cloud computing paradigms, knowing that 
their data remains protected and their operations streamlined. 


3 MODULES DESCRIPTION 


3.1 Fog-to-cloud computing 


Fogto-cloud computing is a dynamic paradigm shift in distributed computing that combines 
the benefits of centralized cloud services with edge computing. This innovative architecture 
increases processing power and reduces latency by utilizing the edge devices’ near proximity 
to the data source, often known as the “Fog.” The important solution as data continues to 
grow exponentially is fog-to-cloud computing, which finds a balance between the huge sto- 
rage and computational resources offered by cloud servers and the real-time processing 
capabilities of edge devices. Shown in Figure 1. 
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Figure 1. Cloud computing in fog. 


3.2 Secure data storage 


In today’s digital world, preserving information integrity and confidentiality requires secure data 
storage. Our growing reliance on data-driven technology means that the infrastructures for storing 
critical and sensitive data must be strengthened. Secure data storage encompasses not only phy- 
sical storage but also a complex network of protocols, encryption methods, and access controls to 
safeguard data against loss, corruption, and unauthorized access. A robust and adaptable secure 
storage solution is necessary considering the increasing volumes of data and the sophistication of 
cyberattacks. The foundation for a comprehensive analysis of the various aspects of safe data 
storage is laid out in this introduction, which also covers strategies, resources, and best practices 
that help protect our digital archives in an era where system resilience is essential. 


4 EXISTING SYSTEM 


Edge computing, as a concept, provides services that enable several end users to outsource 
calculations. When block chain integration and sampling-based replication computation are 
used to verify computation accuracy, a trust-less environment is produced since edge nodes 
lack trust. Nevertheless, the block chain’s decentralized structure hinders it from being 
directly used for computational overhead verification because of problems with excessive 
resource use. Therefore, we propose an accountable verification method based on off-chain 
blocks. A few requirements for Edge Computing are met by the off-chain block, including 
reduced service latency and a variety of resource edge nodes. 


5 METHODOLOGY 


Representative privacy promises, such as searchable encryption, are given in the relevant 
literature and state that the server should only be aware of the search results. Based on this 
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broad notion of privacy, we analyze and develop a set of strict confidentiality restrictions for 
the MRSE structure. Because most users don’t want other people to view their searches, 
including the Edge-Fog-Cloud server, keyword privacy is quite crucial. The most important 
thing is to hide the keywords that the relevant trapdoor indicates, which is what they are 
searching for. Trapdoor eliminates the chance that the generating function of the trapdoor is 
randomised instead of deterministic. The visited structure within the sorted search is the set 
for search results, which are each a collection of documents listed sequentially. 


6 ALGORITHM DEFENITION 


Multi-Keyword Ranked Search Encryption (MRSE) is a technique that can be used to 
encrypt data and enable search functionality. This feature allows users to encrypt their data 
and search on it without needing to first decode it. The results are ranked in order of rele- 
vance to the search query, and MRSE facilitates multiple keyword searching. When data 
privacy is important, as it is in distributed systems and cloud computing, where data is kept 
across many servers, MRSE is very helpful. In these cases, data owners may keep their data 
on separate servers and encrypt it using MRSE, all the while maintaining effective and safe 
search capabilities. Secure indexes, which are created from encrypted data and used to exe- 
cute search queries, are the foundation of the MRSE approach. Without disclosing any 
details about the encrypted material itself, the secure index allows the search algorithm to 
rank the encrypted results according to how relevant they are to the search query. 


7 ALGORITHM IMPLEMENTATION 


(1) Create Public and Secret Keys Using a secure random number generator, the secret and 
public keys must first be created. The public key is used to validate the encryption of 
data once it has been encrypted using the secret key. 

(2) Encrypt data Utilizing the secret key, encrypt the data. The security and privacy of the 
data should be guaranteed by the encryption procedure. 

(3) Create an Encrypted Searchable Index For the encrypted data, create a searchable encrypted 
index. Multiple keywords should be able to be used to search the index, and the encrypted 
data should continue to be ranked according to how relevant the search terms are. 

(4) Look Up Encrypted Information A collection of keywords is provided by the user in 
order to search the data that has been encrypted. The keywords are then encrypted using 
the public key, and the encrypted keywords are used to search the encrypted index. 

(5) Decrypt Search Results After the search is performed; the user receives a return of the 
encrypted search results. Subsequently, the user decrypts the search results using the 
secret key to obtain the original data 


8 RESULT ANALYSIS 


Using this broad notion of privacy, we analyze and create stringent privacy requirements 
specifically designed for the MRSE architecture in this project. Owing to the enormous 
volume of information customers and archives in the Edge-Haze Cloud, different watch- 
words should be permitted in the seek demand, and documents should be returned based on 
the degree to which they are pertinent to these keywords. To comply with privacy regula- 
tions, the Edge-Fog cloud setup module offers a way to stop the Edge-Fog cloud server from 
getting further information from the raw data set and index. When users choose the precise 
portions of the information they want to be retrieved, boolean searches work well. In privacy 
concerns and analysis, an accessible database should be created to stop a cloud-based server 
from carrying out this kind of association attack. A cryptographic method for safeguarding 
query terms is key word privacy. 
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Table 1. The accuracy & precision. 


ALGORITHMS ACCURACY PRECISION RECALL F-MEASURE 
MAC and HMAC 75% 78.20% 80.01 % 79% 
MRSE 81% 80% 91% 85% 


9 CONCLUSION 


In conclusion, the proposed privacy criteria and solution for MRSE offer a significant 
improvement over existing MRSE frameworks in terms of efficiency, scalability, computa- 
tional overhead, and privacy protection. The proposed method improves the viability and 
attractiveness of MRSE for various application scenarios by addressing the main concerns 
expressed by MRSE users. The suggested approach can be applied to many systems with 
advantages. Including cloud-based search services, local search engines on devices, and 
distributed file systems. The requirements of the system will dictate the specific 
implementation. 
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Overview of outlier detection methods and evaluation metrics: 
A review 


Aditi Badhan & Anita Ganpati 
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ABSTRACT: An outlier is perceived as an anomalous activity or data point that is con- 
sidered suspicious due to its significant deviation from the overall population. The identification 
of data objects that are exceptional and dissimilar from the majority of data points, setting them 
apart from the overall population, is referred to as outliers. The detection of outliers holds 
significant importance and finds extensive applications across diverse domains such as fraud 
detection, medical diagnosis, and intrusion detection etc.. The recognition of outliers in the area 
of data mining and machine learning, has engaging attention from a broad spectrum of 
researchers in diverse fields. Several methodologies have been devised by researchers to detect 
outliers. The aim of this study is to provide a concise review of outliers, including their types, 
various outlier detection techniques, and diverse evaluation metrics to gauge the effectiveness of 
these techniques. The study commences with delineating the concept of an outlier and its 
categorization. Various classes of outlier detection approaches are examined in our research, 
encompassing statistical, distance-based, density-based, clustering-based, and ensemble meth- 
ods. Which are briefly examined. Furthermore, the article delineates the distinction between 
noise and outliers, emphasizing that outliers contain valuable insights and observations. 
Evaluation metrics such as “Precision, Recall, ROC, and AUC” are deliberated in the context 
of outlier detection. This review aims to contribute towards establishing a foundational 
understanding of outliers and methods of outlier detection. 


Keywords: Outlier, Outlier detection, Outlier detection methods 


1 INTRODUCTION 


The area of outlier detection has been comprehensively explored and is a prevalent undertaking 
across diverse domains. Recent studies indicate a substantial level of interest from various 
researchers in this particular area. Numerous methodologies have been devised within research 
circles for the purpose of detecting outliers. Nonetheless, a majority of these methodologies are 
tailored to specific applications, while some possess a more general nature. The ability to pin- 
point outliers’ functions as an essential instrument for researchers, enabling them to acquire 
crucial insights and enhancing the process of decision-making. The examination of outliers holds 
a critical role within intrusion detection systems, aiding in the identification of suspicious and 
unconventional activities to safeguard credit card transactions through the detection of irregular 
or deceitful transactions. Outliers are characterized as data points or observations that deviate 
from the norm, triggering suspicion due to their potential generation from disparate mechan- 
isms. Consider, for example, the complexities arising from extensive multidimensional data, 
where outliers persist irrespective of data size, whether large or exceedingly large. Typically, with 
an increase in data volume, there is a corresponding rise in the number of outliers. 
Consequently, when managing substantial datasets, the development of scalable outlier 
detection methodologies is essential for effective handling of voluminous datasets. The 
amplification in data size directly impacts computational expenses, resulting in a sluggish 
and costly process. Timely identification of outliers is paramount to mitigate the presence of 
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erroneous data, prevent data pollution, and ensure the prompt utilization of data. 
Conversely, handling diverse data types such as “structured, mixed-valued, semi-structured, 
and unstructured data” poses challenges in computing outliers of such a nature [1]. The 
current investigation initiates by defining and outlining various outlier detection approaches, 
in addition to examining the evaluation metrics employed in outlier detection. Furthermore, 
a concise analysis is conducted on the diverse categorizations of outliers and the distinction 
between outliers and noise. 


2 OUTLIERS VERSUS NOISE 


Despite the similarities between outliers and noise, they possess distinct characteristics. It is 
essential to delineate these two terms before delving into methods for outlier detection. 

Noise: Noise is defined as errors or exceptions that arise during the stages of data collec- 
tion and pre-processing. It can materialize in the form of attributed and class noise; attrib- 
uted noise pertains to the introduction of implicit errors and missing values due to 
measurement tools, while mislabelled instances are identified as class noise [7]. In corrected 
data type, erroneous data values and missing values are causes of noise [2]. 

Outliers: Outliers exhibit distinct characteristics from noisy data. While noise is deemed 
superfluous and should be eliminated from the data, outliers are perceived as intriguing and 
obscure patterns concealed within the data, offering novel perspectives and exceptional infor- 
mation [2], [7]. Outliers are delineated by the statistician Hawkins in the following manner: 

“An observation which deviates so much from other observation as to arouse suspicion 
that it was generated by a different mechanism.” Grubbs defined “outlier as an observation 
that deviates significantly from other members of the sample in which it occurs” [7], [8]. In 
other words, outliers represent data instances that deviate significantly from the remaining 
instances within a given dataset. Outliers can be attributed to measurement or recording 
errors, sampling errors and exceptional yet valid values. 


3 TYPES OF OUTLIERS 


The essence of the preferred outlier is a critical element in outlier detection. Outliers are 
categorized based on their occurrence (Pahuja, n.d.). There are three main classifications for 
outliers: Global outliers, Contextual outliers, and Collective outliers [1][2][3]. Various techni- 
ques are available for categorizing anomalies, such as taking into account the quantity of 
data instances. Singular data points that significantly differ from the majority of population 
are referred to as Point Outliers [3]. Conversely, a group of data points that collectively 
display unusual behaviour compared to the rest are known as collective outliers [1]. 
Depending on the degree of comparison being made, point outliers can be classified into 
more specific groups known as local outliers and global outliers. Local outliers are dis- 
tinguished by detecting unique deviations, like differences in neighbourhood or density, 
between the outlier and its closest neighbours. Conversely, global outliers entail dis- 
crepancies that span the entirety of the dataset.[1], [3], [4], [5], [6]. Shown in Table 1 


Table 1. Types of outliers. 


Point Outliers It is the simplest type of outlier’s focused by vast majority of researcher. The 
individual data instances or data points that are distinct from the remaining data 
instances are called as point or global outliers. 

Contextual A data point that exhibits substantial deviation within a specific context is identified as a 

Outliers contextual outlier. It is frequent to encounter contextual outliers in time series datasets. For 
example, a temperature of 30 °C in Tunis might be typical during summer, but would 
stand out as an outlier on a winter day, all contingent on the prevailing circumstances. 


(continued ) 
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Table 1. Continued 


Collective Collective outliers manifest in a dataset where data objects exhibit some form of 

Outliers interrelation. When a cluster of data objects starkly differs from the remainder of the 
dataset, they are identified as collective outliers. For instance, a single delayed order 
is not unusual for a company processing thousands of orders daily; however, 100 
delayed orders could raise suspicion, forming a distinct outlier collection. 


4 OUTLIER DETECTION METHODS 


Outlier detection approaches may be classified based on various criteria, such as the presence 
of labels and the specific technique utilized. The categorization of outlier detection methods 
is contingent upon the availability of labelled data, leading to three distinct classifications 
based on the extent of label utilization. [4], [7], [12], [13], [14] [7], [9]. These categories are 
“supervised, semi-supervised, and unsupervised “outlier detection techniques [4]. Numerous 
classifications exist for outlier detection methods, making it impractical to cover all in a 
single paper. However, our study aims to categorize outlier detection methods into specific 
groups, including statistical, clustering-based, density-based, distance-based, and ensemble- 
based [5]. Shown in Figure 1 


Outlier detection methods 


z , clustering- 
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Statistical- Ensemble-based 
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Gaussian Histogram 
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Figure 1. Outlier detection method. 


Parametric 


Table 2. Different methods for outlier detection [2]. 
Approach Basic Principle 


Statistical- The fundamental principle of outlier detection through statistical models relies on the 

based underlying relationships within the data distribution model. These statistical models 
can be categorized into parametric models, including the Gaussian and regression 
models, and non-parametric models, which encompass the Kernel Density Estimation 
and Histogram-based methodologies. Among these, the stochastic distribution stands 
out as the most commonly utilized technique for outlier detection [6][2]. 

Distance- The methodology of outlier detection based on distance, which was initially proposed 

based by [7] and various researchers for diverse application fields, involves the calculation of 
distances among data points utilizing the widely known KNN, also known as K nearest 
neighbour technique. An outlier is identified as a data point that exhibits a 
notable deviation from its nearest data points [2][8]. 


(continued ) 
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Table 2. Continued 
Approach Basic Principle 


Clustering- The approach of outlier detection through clustering is inherently unsupervised, 

based typically leveraging clustering techniques to characterize the data patterns. Outliers are 
typically identified as data points grouped in smaller clusters with fewer members. 
Clustering and outlier detection methodologies stand in contrast to one another; 
clustering aims to identify data points within dense regions, whereas outlier detection 
focuses on detecting data points within sparse regions [1], [2][9]. 

Density- The technique of outlier detection based on density is extensively utilized and recognized as 

based the predominant approach in the field. This method operates on the fundamental principle 
that data points residing within sparsely populated regions are classified as outliers, 
whereas the inliers coalesce within clusters situated in areas of greater density [1], [2]. 

Ensemble- Ensemble learning, also known as committee-based learning or a multiple classifier system 

based [3] [10], is primarily utilized in classification and clustering tasks. It involves amalgamating 
base learners typically created from fundamental learning algorithms like neural networks, 
decision trees, etc., to develop a resilient algorithm referred to as an ensemble. These 
ensemble methods are predominantly favoured in machine learning due to their more 
effective solutions in contrast to conventional methods. The fundamental concept behind 
ensemble methods lies in merging the outcomes of diverse models to generate a sturdier 
model and diminish data reliance or data locality. Numerous strategies has been 
introduced by researchers: Bagging [11], Boosting [12] for classification problems. Extreme 
Gradient Boosting OD (XGBOD) [13] and BORE for hybrid methods. 


5 EVALUATION MEASURE FOR OUTLIER DETECTION 


Numerous algorithms have been suggested throughout the years for detecting outliers in data- 
sets. Researchers form diverse area of study have argued for the superiority of their proposed 
approaches over others. The evaluation of outlier detection methods presents a challenge due to 
the lack of a definitive ground truth. Performance assessment metrics in outlier detection are 
utilized to measure the efficacy of an outlier detection algorithm by quantifying its capability to 
spot outliers in a given dataset. This study showcases the most frequently employed metrics for 
evaluating the performance of outlier detection techniques [14]. 


5.1 Confusion matrix 


A tool for measuring performance aids in visually representing the effectiveness of outlier detection 
algorithms. It involves a comparison between predicted and actual labels within a dataset [10]. 


5.2 True positive (TP) 


Correctly detected outlier points are actual an outlier. 


5.3 False positive (FP) 


Incorrectly classifying normal points as outliers. 


5.4 True negative (TN) 


Correctly recognized normal points as normal. 


5.5 False negative (FN) 


Erroneously identifying actual outliers as normal. Shown in Table 3 
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Table 3. Confusion matrix [15] [2][10]. 


Actual positive (outliers) Actual Negative (Normal) 
Predicted Positive (outlier) True Positive (TP) False Positive (FP) 
Predicted Negative (Outlier) False Negative (FN) True Negative (TN) 


5.6 Precision 


Precision is the ratio of true outliers to the total number of outliers. It can be computed as 
[16]: Precision: TP/TP+FP [4] 


5.7 Recall 


Recall is the ratio of correctly identified outliers to the total number of actual outliers. It is 
also known as sensitivity, calculated as [16][4]: Recall: TP/TP+FN 


5.8 AUC-PR 


AUC-PR aka “Area Under the Precision-Recall Curve” measure the overall performance of 
outlier detection algorithm on all possible values of threshold [17] [18]. 


5.9 ROC AND AUC 


The “Receiver Operating Characteristic” curve and “Area under Curve” widely used eva- 
luation measure for assessing the performance of outlier detection algorithms is a graphical 
plot that implements FPR (x-axis) against TPR on (y-axis). The “True and False positive 
rate” indicates the number of outliers and inliers ranked among total number of outliers. The 
ROC curve is summarized by AUC which measure the area under ROC curve [17] [5][1]. 


5.10 MSE 


The mean squared error is an evaluation metric which present the deviation of data points 
form the expected values, makes it useful for assessing the performance for various outlier 
detection algorithms [22], [23]. 


5.11 Correlation coefficient 


Correlation coefficient is a measure numerical used to identify outliers in a dataset by 
identifying the relationship between a pair of variables [19]. 


6 CONCLUSION 


An observer becomes an anomaly or an outlier when it significantly deviates from the entire 
dataset or population. The identification of anomalies is a critical area of study within the 
field of data mining and machine learning. Various types of Outlier detection methods exist, 
including statistical, proximity-based, and ensemble-based approaches. Proximity-based 
methods, which encompass distance-based, density-based, and cluster-based techniques, fall 
under this category. Within each method category, the fundamental principle is concisely 
discussed. Numerous researchers have focused on the issue of outlier detection, creating 
diverse algorithms aimed at identifying anomalies before they can cause significant harm to 
a system. Evaluation metrics such as precision, confusion matrix, ROC and AUC, MSE and 
Correlation Coefficient are also examined. This review serves to provide researchers with a 


740 


foundational understanding of outliers, outlier detection methods, and the evaluation 
metrics used to gauge the efficacy of Outlier detection method. 
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ABSTRACT: Data, measurements, and observations from the actual world may now be 
obtained via Internet-connected sensory devices because to the quick development of hard- 
ware, software, and communication technologies. The “Internet of Things” (IoT) is the term 
for the technology that enables devices to be linked to the Internet. The Internet of Things 
creates both large amounts of data and more of it all the time. The main example used in this 
piece is smart towns. It looks at machine learning methods that are meant to fix issues that 
arise with IoT data. The most important thing this work adds is a way to group machine 
learning methods. This makes it clear how different approaches are used to look at data and 
pull out more general information. Also, we will talk about the pros and cons of using 
machine learning for analysing data from the Internet of Things. 


Keywords: data analytics, machine learning, internet of things, algorithms 


1 INTRODUCTION 


Internet of Things (IoT) could create database sets that are completely unique Al-Fuqaha, 
(2015). The system is needed to get to experimental data that hasn’t been handled yet Alzubi, 
J. (2018). This data comes from different media within a network, needs to be analysed, and 
useful information needs to be retrieved A.M. Souza (2015). Therefore, many people think 
that machine learning is a very important foundation for creating smart Internet of Things 
apps A. Shilton (2015) Machine learning (ML) is a subfield of artificial intelligence (AI) that 
gives the capacity to the machines to educate themselves to recognize patterns Buskirk, T.D. 
(2018). Machine learning cannot be considered complete if there is no learning algorithm 
present. We can say this because the learning method gives the model information that helps 
it understand the basic features of the data structure Bao, H. (2022) 


1.1 First, learning via supervision 


In order to determine their target vectors, this learning technique makes use of samples of 
input vectors. Labels are the term that is most often used to refer to the target vectors. People 
often use the phrase “classification assignment” to talk about this process. It is called 
“regression assignment” when the intended identifiers are made up of one or more constant 
variables Buskirk, T.D. (2018). 


1.2 Learning without supervision 


Labeling of the training data is not necessary for this learning technique to function prop- 
erly. A frequent term for this phenomenon is clustering. By preprocessing the baseline input- 
source, this learning algorithm is able to offer an appropriate internal knowledge of the 


742 DOI: 10.1201/9781003559092-128 
This chapter has been made available under a CC BY-NC-ND 4.0 license 


information that is being input-source. This means that the data can be moved into a dif- 
ferent variable place inside the program. The preprocessing step makes one of the results of 
the next machine learning method better. This step is usually called “feature extraction” 
Chen, C. (2023). 


1.3 Learning via reinforcement 


In order to get the highest possible payout, this learning algorithm employs a succession of 
actions or actions that are similar to one another when it is presented with the same chal- 
lenge C. Costa (2015). In the event that the result does not lead to a favourable anticipation, 
the expectation is discarded, and vice versa. Because both supervised and unsupervised 
learning are regarded to be the primary pillars of the Internet of Things smart data analysis 
Buskirk, T.D. (2018)., this research will concentrate on both types of learning. Brief result, so 
these methods are looked at in terms of the features of their particular sub-domains and the 
pros and cons that come with them. The current research trends in Internet of Things smart 
data are also discussed in this article, as well as outstanding topics that are being tackled in 
this field. In Section 2, we talk about the taxonomies of controlled and unstructured machine 
learning methods. Within the third section, the research trends and outstanding topics are 
discussed. In the fourth section, the results and suggestions are further upon. 


2 LITERATURE REVIEW 


2.1 Time series analysis 


Li et al.’s combination model D.N. Monekosso (2013), D. Toshniwal (2013) combines 
stacking and packing. Some of the things that this model looks at are busy times, holiday 
times, and data on usage and speed. Input examples, the expected values of ARMA and GM 
were used to train the neural network. There was an improvement made to the BP network 
with the help of a genetic algorithm so that the united model could make the best predictions. 


2.2 Evolutionary computation 


Another idea from Huang, P. (2022) is the zigzag search strategy and the random replace- 
ment method. These are two ways to fix the problems with the butterfly optimization 
algorithm (BOA). 


2.3 Pattern recognition 


For a more accurate classification of the event type of stock release news, Miu et al. (2022) 
proposed a two-step process. First, the words that were thought to be possible event triggers and 
the words that happened at the same time were taken out and put back in the order of regular 
phrases. As well, it had a number of types that had not been looked at in earlier study. 


2.4 Computer vision 


In their study Luong, N.C. (2019), Jin and colleagues introduced a quantum dynamic optimi- 
zation technique that they dubbed quantum dynamic neural architecture search (QDNAS). 


2.5 Locking up pictures 


Huang et al. (2022) Improve the standard one-dimensional mapping coupled lattice. This 
was done so that color pictures could be encrypted. 
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3 MATERIALS AND METHODS 


Table 1. Notations list. 


Symbol Description 

VoE Effectiveness value 

Sx Vector from matrixA 
Di Any vector Sx element 
DB Data Chunks 

P^ Data Packets 

dt Any vector Di element 


In above Table 1 mentioned notation using which we use in different equation to analyze data. 


3.1 Stages I, II, and III 


HRCKNN operates as a two-stage process. An initial training using the training data is per- 
formed by HRCKNN, which then assists the network in addressing the issue of resource 
restrictions. The HRCKNN is able to better educate the groupings of IoT nodes as a result of this. 
Let us take into consideration the following assumptions in order to comprehend HRCKNN. 


Figure 1. A model for the MLADCF is shown. 


ot 


(a) i (b) (c) 


Figure 2. MLADCF (Proposed Framework). 


As shown in Figures 1 & 2a, nodes 5 and 8 have detected the data and analyse them. As a 
result, they are sending the data to nodes 7 and 9, respectively. It is the edge node, Fog 1, that is 
responsible for receiving the sensed data from its closest nodes, which are nodes 2 and 10. 
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3.2 Datasets 


The Internet of Things nodes and sensors were installed in an orchard area. This is the first 
situation shown in Figure 2, which shows the architecture of the sensors. Since a result, this 
provides us with essential information on the applicability of Internet of Things sensors. 


4 RESULTS 


4.1 Observations 


A greater capacity for storage was necessary as a result of the increased data flow generated 
by the millions of sensors. In the frame MLADCF that we have presented, we have taken. 


5 CONCLUSIONS 


The quantity of data produced by sensors linked to the Internet of Things is massive. In order to 
use IoT data to enhance quality of life, a new paradigm for deriving conclusions and hiding 
6 information will be needed. Strategies for machine learning must be used in order to meet the 
needs of the program. Transferring data from Internet of Things devices to the next fog point over 
the Internet of Things network is a process that is used in many situations. There are processes at 
different levels of the Internet of Things environment that make the improvement possible. 
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ABSTRACT: The recognition of the educational component in teacher professional 
development compels a pedagogical re-evaluation of teaching, learning, and assessment. At 
a university in Portugal, a test was run to see what people think and do about educational 
review and how learning about it changes these thoughts and actions. Here are the study’s 
findings. The idea of assessment has changed from strictly testing, counting, and sorting 
students’ knowledge to getting information to make choices about how to teach and learn. It 
was found that almost half of teachers have trouble with educational grading. Written tests, 
study projects, and papers are the most common tools that are used. Approximately two- 
thirds of educators alter their student grading policies annually. The most common reason 
for this is the type of the units they teach. 


Keywords: Pedagogical Training, Diversity of Instruments and Tasks, Pedagogical concep- 
tions and practices, Augmented Reality, ICT, Data Analysis 


1 INTRODUCTION 


What exactly is required in order to establish a teacher development programme that is both 
effective and successful for instructors working in higher education? Specifically, what are 
the fundamental concepts and characteristics that it need to incorporate? Who is qualified to 
serve as the trainer? In short, what are the most important parts of good educational train- 
ing, and how can it help higher education teachers grow? According to Fabriz et al. Aškerc, 
K, (2015) tasks that help teachers gain good experiences with their teaching skills and abil- 
ities should be a part of courses for all academic teaching staff to improve their skills. 
Alkathiri and Muammar’s names Akçayır, M (2017) Discuss the design and execution of 
professional development programmes about how teaching and learning are going in big 
universities in Europe right now. The study makes it clear that universities need to put staff 
growth first. Researchers and researchers often come into teaching having a deep under- 
standing of the subjects related to their jobs, but most of them didn’t have much training for 
teaching Al-hattami, A.A (2013). Provide spaces for teachers to talk about the curriculum, as 
through the lens of what really concerns faculty members who are participating in profes- 
sional development programmes in higher education. 


1.1 Growth as a professional for college teachers 


Successful professional development, according to Darling-Hammond, Hyler, and Gardner 
Del Cerro Velazquez, F.; (2021) Desimone contends that successful professional development 
is characterised by a strong emphasis on content, the presence of active learning, the presence 
of collaboration, alignment with applicable curriculum and policies, and the provision of 
appropriate learning time for participants. Europe’s universities and other schools are 
becoming more and more interested in this subject Desimone, L.M (2009). This is because 
more and more of them are trying to get people to sign up for educational training pro- 
grammes that will help teach and learn better and fix problems with student-centered learning. 
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It is emphasised in the ESG how important it is to help teachers advance in their jobs. There 
should be new ways to teach for teachers as part of this help. There was also a study Darling- 
Hammond, L (2017) by the European University Association (EUA) well as their own 
teaching decisions and methods. As a guide, you might help the new person with their work, 
give them advice on important issues, encourage them, and point them in the right way. 


1.2 Planning of programmes for professional growth in higher education 


After looking at some new studies of great professional development models, Darling- 
Hammond, Hyler, and Gardner did research on what makes a good professional develop- 
ment plan. If these factors are known, it will be easier to create a plan for staff growth and 
understand the actions and tasks that need more attention European University Association 
(2019). As for the study of the program’s content and assessment, it stresses the importance 
of keeping a balance between theory and practice, the teaching personality, as well as 
ongoing growth and support from institutions. 


1.3 How programmes that help teachers get better at their jobs affect higher 
education 


Growth as a professional for college teachers boosts their confidence, how they feel about 
teaching, how well their students do in school, and how pleased they are with their job 
overall looked into whether or not classes for university teachers on how to teach had the 
desired effect on the people who took part in the study. Also, how satisfied they are with the 
quality of these programmes depends on more than just the content. 


2 LITERATURE SURVEY 


Augmented reality (AR) has been seen as a potentially useful tool for the purpose of visualising 
micro and abstract ideas in the field of life science education. ESG Standards and Guidelines 
(2015) A greater grasp of complex and complicated ideas in biology might be achieved with the 
use of augmented reality technology, according to research that has already been conducted. 
Chen and his colleagues did a large study that showed that augmented reality (AR) is often used 
to recreate science events or to visually represent abstract ideas in order to help people 
remember formal or content-based information. Fabriz, S (2020) Twelve of the 22 studies that 
were looked at used augmented reality (AR) in biology. There were, however, only three studies 
that looked at how to create inquiry-based augmented reality classes that help students learn 
about science events while also improving their problem-solving and reasoning skills. Educators 
should set up scenarios in which students may utilize technology for learning by allowing them 
to use it directly and customizing it to meet their individual learning requirements. 


2.1 Previous research on how science teachers use augmented reality 


Teachers are worried about a few major problems when it comes to adding augmented 
reality (AR) to the lessons. Concerns include a feeling that they don’t have enough technical 
help, doubts about their own technological skills, and doubts about the part that AR plays in 
normal school activities. Gaebel, B.M (2018) These should be considered based on Ertmer’s 
differentiation between first-order and second-order barriers. For example, Dunleavy did 
study that looked into the pros and cons of virtual reality models. A lot of detailed case 
studies were done at two different high schools for this project. Two hundred teachers in 
Saudi Arabia were surveyed for Alkhattabi’s study. The results showed that the biggest 
problems with implementing augmented reality (AR) were a lack of information and com- 
munication technology (ICT) infrastructure, human assistance, or technological compe- 
tence. As an example, educational techniques that are centred on augmented reality (AR) 
could argue for student-centered teaching methods. 
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2.2 Getting teachers to be pedagogical designers 


Teachers need to know about Technological Pedagogical Content Knowledge (TPACK) so 
that they can use it to guide their lessons based on what their curriculum calls for. This is 
important to include technology in science classes. Kalipci, M (2018) It is created for 
teaching methods that use technology. For teachers to plan, carry out, and think about the 
part that technology plays in their lessons and the bigger curriculum, they have to think 
about, use, and call up technology, process, and knowledge (TPACK). TPACK success in 
science teachers was mostly due to their involvement in focused group-based activities, 
Kapp, S (2019) as shown in previous studies that looked into this topic. Noben, I (2021) 
Ekanayake and Wishart examined all the many ways science instructors used mobile phones 
in the classroom in their research. Based on this study, we chose the Technology Integration 
Planning (TIP) plan to break down the biology teacher’s PR&A. Muammar, O.M (2021) As 
shown in Table 1, this model is built around three main steps: educational review, design and 
teaching, and evaluation and change. Odalen, J (2019) There are two parts to this tip: (a) a 
cognitive focus on teachers’ prior knowledge (using TPACK directly), views, and attitudes; 
and (b) external social reasons. Romano, M (2023) The phases and the steps that go with 
them are part of the TIP model. Table | gives a short explanation of these phases. 


Table 1. TIP: Model for planning the integration of technology. 


The Technology Integration Planning Model 

Phase 1; Taking the lead from the Step 1; Identify Problems of practice (PoPs) 

persistent issues of practice Step 2; Assess technological resources of students, families, 
teachers, the school, and the community. 
Step 3; Identify technological Possibilities and select an 
integration strategy, 

Phase 2; Design and Teach the Step 4; Decide on learning objectives and assessments. 

Technology Integration Lesson Step 5; Assess the relative advantage; RAT ify the lesson. 
Step 6; Prepare the learning environment and teach the lesson. 

Phase 3; Evaluate, Revise, and Share Step 7; Analyze the outcomes and the influence of the lesson. 
Step 8; Changes should be made depending on the results. 
Step 9; Collaborate with other peer instructors to discuss the 
lesson, any adjustments, and the results. 


2.3 Questions for research 


1) If an augmented reality technology is used in a biology class, how can the teacher help 

2) If an augmented reality technology is used in a biology class, how can the teacher help 
with the analysis, planning, application, reflection, and change of the technology and how 
it is used? 


3 RESEARCH METHODOLOGY 


3.1 Recruitment of target respondents 


People who were going to be subjects in this study were going to be students and staff 
members at The Hong Kong Polytechnic University’s School of Professional Education and 
Executive Development (SPEED). One hundred seventy-five students and sixty teachers 
filled out the online poll. 
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3.2 Making progress on the survey tool 


Focus group talks with teachers and students were also used to test the questions in a 
preliminary way. 


3.3 Data collection 


Questions were sent out through a questionnaire in December 2019. The questions were 
mostly about the design and performance of learning places and how teachers and students 
usually use them for standard and active learning methods. They were studying in Surveying, 
Building Engineering and Management, or both. These people went to school in the Division 
of Health Studies, Engineering, and Science. A total of 65 valid surveys were collected from 
students and 175 valid questionnaires were collected from teachers. There were a total of 
sixty and one hundred and seventy-five legitimate questionnaires gathered from the students 
and the instructors, respectively. 


3.4 Data analysis 


Using reliability analysis, the different scales in the questionnaire were checked to see how 
consistent they were with each other. A case was made using the Cronbach’s Alpha ratings 
for every scale. The elements of the classroom were rated using a five-part scale (see Table 2). 
These things have a rating of 0.781 according to Cronbach’s Alpha. This scale was tested 
using four items (see Table 2), and each of them got an Alpha value of 0.797 for the factor of 
how well the classroom is set up to help students learn. A Cronbach’s alpha number of 0.70 
is thought to be good by the people who gave the information. 

When there were two variables that had the same mean scores, the ranks of those variables 
were established by comparing their standard deviations. Consequently, the variable that 
had a smaller standard deviation was rated higher in that particular instance. When the p- 
value was less than both 0.05 and 0.01 we knew there was statistical significance. 


Table 2. A list of the poll questionnaire items’ means results and the Mann-Whitney U-test. 


Mann- U 
M Teachers Students whitened Test 
Mode of Characteristics Of Standard Standard U Statis- Z- 
Teaching Teaching Modes Mean Deviation Rank Mean Deviation Rank tic Value 
Learning Traditional Learning 
traditionally Benefits 
Teacher-direct infor- 4.05 0.89 1 4.45 0.61 1 3434.500 -3.390 
mation 
Save time (group 3.25 1.10 4 3.78 0.98 5 3395.500 -3.256 
discussion may waste 
time) 
Gives us more time 3.23 0.98 5 3.80 0.96 4 3131.500 -3.942 
for Q&A 
Teaching carried out 4.00 0.84 2 4.12 0.79 2 4319.000 0.964 
in a systematic way 
Subject matter com- 3.78 0.85 3 4.02 0.78 3 3967.500 -1.880 
prehension 
Traditional Learning 
Limits 
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4 RESULTS OF DATA ANALYSIS 


Table 3 presents the opinions of instructors and students on the advantages and dis- 
advantages of active learning, respectively. Furthermore, Table 3 compares the opinions of 
educators and learners about two aspects of the classroom: (1) its physical characteristics; 
and (2) the specifications needed to create a well-designed learning environment. 


Table 3. The way a classroom is set up helps students learn. 


Teachers Students 
Designing of Standard Standard U Sta- Z- 
Classroom Design Categories Mean Deviation Rank Mean Deviation Rank tistic Value 


Facilities for the Required classroom ame- 


Classroom nities 
The supply of IT and AV 4.24 0.63 2 4.24 0.65 2 4551.500 -0.139 
Large presentation moni- 3.92 0.88 4 4.07 0.87 3 4104.500 -1.303 
tors 
Access to the Internet 4.41 0.77 1 4.33 0.69 1 4192.000 -1.117 
Lecture hall-only swirl 3.41 0.87 5 3.74 0.95 5 3614.000 -2.556 
chairs 
Tutorial room-only modu- 3.93 0.77 3 4.04 0.82 4 4258.500 -0.920 


lar table and chairs 
Standards for Learning-friendly class- 


Design room design criteria 
Bright colors 3.24 0.80 4 3.70 0.91 4 3129.000 -3.826 
Feedback (in %) 
100 
80 
50 
40 
o 
Students Researchers Teachers Staff 


E Traditional teaching techniques E E-learning techniques 


Figure 2. Feedback of E-learning techniques and traditional teaching techniques. 
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5 CONCLUSION 


It was because of the class, they believed that it would “guide teaching and learning” as well 
as “gather information for decision-making about the teaching and learning process.” The 
data showed this because they showed that people had changed their minds about how to 
rate teachers’ lesson plans. A third of teachers say that the goals of review are still to “find 
out what knowledge or skills are being acquired” and to “test, measure, classify, or gauge the 
level of knowledge or skills.” Reports are the ones that they use most often. However, over 
two thirds of educators state that they assign grades to pupils in a variety of methods, 
primarily based on the units and subjects they are instructing. 
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ABSTRACT: In the modern era, images serve as a primary means of communication and 
artistic expression. While humans effortlessly interpret visual scenes and articulate them in 
precise language, replicating this capability in machines poses a formidable challenge. Text- 
to-image synthesis is required in order to produce an image from a text-based description; 
this process is intricate. Similar to this, the goal of image to text captioning is to use natural 
language generation to convey the content of an appearance. Natural language processing 
and computer vision techniques are combined to create both text-to-image synthesis and 
image captioning. The application of techniques to images in order to enhance image quality 
or extract relevant information is the wide and diverse field of image processing. One 
effective strategy in these approaches is image composition. An image that bridges the gap 
between appearance and text by combining linguistic and visual information is referred to as 
a texted image. This helps viewers better comprehend the content. Therefore, this work 
presents a novel method that combines text-image synthesis with image captioning and 
image processing. The framework aims to improve the interpretability of images and the 
communicative capacity between images and texts. It consists of three primary components: 
an image combiner, an image captioner, and a text-to-image generator. Applications for the 
framework can be found in social networking, e-commerce, and education. The framework 
performance on several text-to-image datasets shows that it can produce a variety of high- 
quality images with appropriate and relevant captions. As a result, the new framework will 
enhance user experience and facilitate integrated, in-depth image analysis. In essence, this 
paper pioneers an integrated approach to text-image synthesis and captioning, leveraging 
image processing techniques to augment the comprehensibility and communicative potential 
of images. The framework success shows that texted images are one way of communication. 


Keywords: Image Generation, Caption Generation, Image Processing, Texted images 


1 INTRODUCTION 


Images and text are one way of communication Images are visual representation of objects, 
scenes, or concepts captured through various means, such as photography, digital rendering, 
or other imaging techniques. Images play a crucial role in communication by enhancing 
understanding, capturing attention, and conveying emotions. An image is worth a thousand 
words. Human brains retain visual information much better than written information. In 
today’s digital age images are everywhere and Images are a universal language that can be 
understood by people of all ages and cultures. In the realm of technology, images are crucial 
components in computer vision, machine learning, and various applications where visual 
data is analyzed or manipulated. Text refers to any written or printed material that consists 
of words and characters, such as articles, books, messages, or any other form of written 
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communication. Text can be generated through various means, including human writing, 
machine-generated content, or a combination of both. Text generation refers to the process 
of creating new text, either manually by humans or automatically by machines. In the con- 
text of artificial intelligence and natural language processing, text generation often refers to 
the automatic creation of written content by computer programs or models. 

The human brain tends to remember information better when it is presented in a multi- 
media format, incorporating both visual and textual elements is also known as Texted 
Images. Texted images allows users for a more explicit and targeted communication of 
messages and making the image more informative. Text can be used to emphasize key points 
or highlight specific elements within an image. This can guide the user’s attention and ensure 
that important information is not overlooked. Including relevant text in images, such as alt 
text and captions, can contribute to better SEO. Search engines use this information to 
understand the content of images. Texted images can be used to tell a story or provide 
additional context to visual elements. This is valuable in various contexts, such as pre- 
sentations, educational materials, and marketing campaigns. Therefore in this paper a new 
output is generated by incorporating the text to image generation and image captioning and 
image combining which helps users to understand the image clearly and this paper includes 
describing about Literature survey, proposed work, model training, result and conclusion. 


2 LITERATURE SURVEY 


Kaicheng Yang (2023) used The ALIP demonstrate combines supervision from manufactured 
captions and crude content, with the Dialect Consistency Door (LCG) and Portrayal 
Consistency Door (DCG) powerfully altering the weights of tests and image-text/caption sets 
based on implanting likenesses amid preparing[1]. Liang Zhao (2023) has used MSCGAN 
makes exact visuals by melding semantic highlights from numerous sentences utilizing BERT 
and the multi-semantic combination module (MSFM), utilizing a cross-modal differentiate clo- 
seness demonstrate (CCSM) to direct fine grained misfortune examination, with a multi-sentence 
joint discriminator to guarantee produced visuals coordinate the first sentences[2]. Roy Ganz 
(2023), Perceptually Adjusted Slopes (PAG) in CLIPAG empower text-to-image era without 
conventional generative models, lessening complexity and asset requests, whereas too moving 
forward ill-disposed strength and execution in vision-language errands [3]. Zhengyuan Yang 
(2023) utilized ReCo, a text-to-image era show with included input position tokens for spatial 
arranges, upgrades semantic precision and control over question tally, connections, and measure, 
empowering precise picture era from content, indeed for objects not explained in COCO[4]. 
Yuanzhi Zhu (2023) CTIG-DM, or Conditional Content Picture Era with Dissemination 
Models, produces assorted and photo-realistic pictures through three conditions—image, con- 
tent, and style—enabling four era modes (amalgamation, impersonation, recuperation, increase) 
and advertising potential in space adjustment and creating pictures with Out-Of-Vocabulary 
(OOV) words[5]. Jiahuiyu (2023) Parti is an Autoregressive Text-to-Image framework that 
speaks to pictures as discrete tokens employing a Transformer-based tokenizer, VIT-VQGAN, 
and utilizes a 20-billion-parameter encoder-decoder Transformer to create complex counterfeit 
pictures with comparing clear content, illustrating capability in dealing with assorted prompts, 
visual styles, and common information[6]. James Betker (2023) Analysts moved forward text-to- 
image demonstrate execution by making a vigorous picture captioning demonstrate to create 
more exact and nitty gritty captions, retraining their text-to-image calculations with these 
upgraded pairings, coming about in higher clip scores and prevalent demonstrate effectiveness 
compared to other strategies[7]. Divyanshu Mataghare (2023) This consider on text-conditional 
picture blend contrasts classifier-free and CLIP direction, favoring CLIP for its photorealism and 
caption likeness, assessed with Elo scores from an verifiable classifier-based objective work, 
whereas presenting a noised VIT-B CLIP demonstrate for encourage inquire about; tests appear 
slight quality changes, with measures taken to channel preparing information and diminish 


754 


dangers, emphasizing classifier-free guidance’s capacity to utilize a model’s inside information 
for conditioning on complex information like content[8]. Wenhu Chen (2022) Dissemination 
models (DMs) produce pictures through a arrangement of denoising autoencoders, permitting 
adaptability without retraining, whereas inactive dissemination models (LDMs) progress pro- 
ductivity and asset utilization; generative models like GANs, VAEs, ARMs, and flow-based 
models offer different approaches to picture union, with DMs giving progressive examining but 
being computationally seriously due to pixel-by-pixel assessment, and ARMs battling with high- 
resolution pictures[9]. Rihito Tominaga (2023) Re-Imagen may be a generative demonstrate that 
moves forward picture quality by utilizing an outside multi-modal information base to create 
high-fidelity pictures, indeed for uncommon or concealed substances, altogether outflanking 
standard models in terms of FID score on COCO and decreasing computation-memory costs by 
leveraging outside literary information[10]. 


3 PROPOSED WORK 


3.1 Text to image generation 


In text to image generation the task is to generate image based on the text prompt and in this 
first text prompt is taken as input from user and then text is converted into vector form and 
after converting fed to the conditioning augmentation as input. In conditioning augmenta- 
tion Embedding vector is concatenated with random noise. Two Generative Adversarial 
Network Models (GAN) are used to produce high resolution Image. In GAN1 Generator 1 
takes d-dimension array as input and Generates Low Resolution Image.In GAN2 Generator 
2 takes Low Resolution Image and Text Embedding as input and Generates a High- 
Resolution Image shown in Figure 1 


Conditioning 
Augmentation 


|» Fake Image ——p| 
Generator Discriminator 
Real Image 


Embedding vector 


Figure 1. Text to image model. 
3.2 Image captioning 


In Image Captioning the task is to generate caption based on the given image. In this the 
image is taken as input and from the image, features are extracted using Convolutional 
Neural Network (CNN) and sentence is generated based on the features and objects using 
Recurrent Neural Network (RNN). 

The model consists of four logical components: 


Encoder: Encoder is the part where image is converted into embedding vector. 
Sequence Decoder: Decoder is a recurrent network which takes feature vector from the 
encoder and ground truth captions as input. The decoder generates sequence of words 
as output 

Attention: Helps in focusing on the most relevant part in the image to generate words 
Sentence Generator: The output of decoder is fed as input and generates probability for 
each word from the vocabulary, for each position in the predicted sequence. 


755 


Pre-trained 
Image 
Encoder 


Features 


Real Captions 


Generated Sentence Decode 
: Sequence 
Caption generator sequence P with 


Figure 2. Image captioning model. 


3.3. Image combining 


In image combining process first text is converted into JPG format and that JPG formatted 
image should be of width similar to the size of the image generated by text to image gen- 
eration model and JPG formatted image is combined to the image generated in text to image 
process. So by combining these two images as single image texted images are formed. 


4 MODEL TRAINING 


4.1 Dataset 


Dataset1-To train text to image model CUB 200-2011 dataset is used. This dataset consists 
of 11,788 images of 200 different categories and each image consists of 10 captions [11]. 
Shown in Figure 2. 
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Figure 3. CUB 200-2011 dataset. 


4.2 Text to image 


Generator of GAN-1 model is introduced which takes embedding vector as input-1 and con- 
sists of 1024 neurons in input layer and the output of input layer is passed into Dense layer of 
256 neurons and applying LeakyReLU activation function and performs conditioning aug- 
mentation. And a model takes random noise as input-2 and consists of 100 neurons in input 
layer. Concatenate conditioned augmentation text and output of input layer and these is 
considered as input for Dense layer of 16384 neurons and applying ReLU activation function 
and reshape the image into 4 x 4 image and upsamplling the image into 64 x 64 and this image 
is considered as input to the convolution 2D layer and applying tanh activation. 


ReLeakyReLU : f(x) = max(ax, x) (1) 
ReLU: f(x) = max(0, x) (2) 
Tanh: f(x) =(ex—e-—x)/(ex+e-—x) (3) 
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Discriminator takes concatenated downsampled image and text embedding as input to 
convolution 2D layer and apply LeakyReLU activation function. The output of convolution 
2D is flattened and fed into Dense layer and sigmoid activation function is applied. 


Sigmoid: f(x) =1/(1+e- x) (4) 


Now an adversarial model is created which combines generator and discriminator and takes 
text, noise and image of 4 x 4 as input and identifies the image is real image or fake image. 
Now training the model is done by calling the above created models and compiling them. 

The generator of GAN-2 takes output of Generator-1 and embedding vector as input to the 
Generator. A model concatenate conditioned augmentation text and output of input layer and 
these is considered as input for Dense layer of 16384 neurons and applying ReLU activation 
function and reshape the image into 64 x 64 image and upsamplling the image into 256 x 256 
and this image is considered as input to the convolution 2D layer and applying tanh activation. 


ReLeakyReLU: f(x) = max(ax, x) (5) 
ReLU: f(x) = max(0, x) (6) 
Tanh: f(x) = (ex —e—x)/(ex+e—x) (7) 


Discriminator takes concatinated downsampled image and text embedding as input to 
convolution 2D layer and apply LeakyReLU activation function. The output of convolution 
2D is flattened and fed into Dense layer and sigmoid activation function is applied. 


Sigmoid: f(x) =1/(1+e- x) (8) 


Now an adversarial model is created which combines generator and discriminator and takes 
generator, discriminator and fake image as input and identifies the image is real image or fake 
image. Now train the model is done by calling the above created models and compiling them. 


4.3 Image captioning 


A huge collection of data is collected, which includes images and the descriptions. Each image 
has a caption, and the images are formatted so that the computer can read them. After that, the 
images are processed using encoder [14]. It transforms the images into a unique kind of code. 


ReLU: f(x) = max(0, x) (9) 


Meanwhile, Decoder is prepared which gets initial information about the images from the 
Encoder [14]. A word “Start,” is used to start the training and the decoder chooses the next 
word to utter after examining the image and the previous words at each stage. Attention is 
employed to aid in decision-making by concentrating on the focal points of the image the 
computer translates every word that has been generated into a form that it can comprehend. 
Subsequently, it is combined with the image’s focal region and sent into the decoder.The 
process then repeats until the “End” word. 


5 RESULT 
The Image is generated relevant to the prompt given by user and then relevant caption is 


generated for the generated image and performance of the image captioning model is eval- 
uated using BLUE score [15] with the improvement of 0.5%. Shown in Figure 4 
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a young boy standing ona 
dock looking at the water 


Figure 4. Output of model. 


6 CONCLUSION 


Texted images are generated by combining three frameworks: text-to-image generation, 
Image captioning and Image combiner. So, in text-to-image generation a model is trained 
using GANs and an image is generated as output for the text prompt and by considering 
image as input caption is generated for image known as Image captioning by using CNN 
and RNN and this caption is converted into JPG format and attaches to the output of text to 
image generation model. And these texted Images are mainly useful in domains like 
Education, Scene Explanation, e-commerce and social media. 
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BLEU Score https://machinelearninginterview.com/topics/natural-language-processing/bleu-score/ 
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ABSTRACT: The utilization of predictive algorithms in human resources using machine 
learning techniques provides an important part in obtaining automatic data-driven decisions. 
The performance of predictive models in the field of human resources is implemented through 
machine learning evolving genetic algorithms. This helps to optimize various HR tasks such as 
performance evaluation, task management, and recruitment process and talent management 
system. The genetic algorithm is used for fine-tuning the hyperparameters which helps in 
enhancing the accuracy and reliability of the system. They also help to obtain the interpretability 
of the predictive models. The genetic algorithm is utilized in the identification of the most rele- 
vant features and hyperparameters for each model in the recruitment process resulting in 
improved predictive performance. The real-world HR datasets help in evaluating the effective- 
ness of the proposed approach. Various performance metrics such as accuracy, recall, precision 
and F1 score are necessary for the analysis of the proposed model with ML algorithms. The 
interpretability of the optimized model is evaluated to determine that the results are actionable in 
HR decision-making processes. Thus, the proposed system provides a valuable approach for HR 
practitioners to extract the full potential of the genetic algorithm in human resource manage- 
ment. This aims to achieve and contribute to the advancement of predictive analytics in human 
resources by validating the effectiveness of machine learning with optimization algorithms. 


Keywords: Predictive algorithms, Machine learning, Genetic algorithm, HR tasks, 
Hyperparameters 


1 INTRODUCTION 


Human resource management also referred to as HR is a multidimensional function which 
performs to enhance the effective management of an organization. HR plays an important 
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role in various aspects of employees’ lifecycles [1,2]. This includes recruitment, training and 
development, and performance analysis with compensation. The important task of the HR 
professional includes the integration of the organization’s strategic goals with its human 
capital to obtain appropriate roles for the appropriate individuals which help to increase 
productivity while ultimately satisfying individual goal parameters. The recruitment and 
selection process involves the identification of appropriate individuals for the necessary post 
in an organization. This is done through conducting interviews to scrutinize the optimum 
resources necessary for the growth and development of the particular organization [3-5]. 
When the employees are selected through the hiring process, the HR helps them to nurture 
growth and development through training and skill-enhancing initiatives. 

Performance management is the important factor in the development of the organization. 
This requires team effort. This involves various stages such as setting short-term and long 
term goals, feedback analysis, and expectations and obtaining performance appraisals [6-8]. 
The performance appraisal of an individual helps in the contribution of the growth of the 
complete organization. Employee relations are the most important factor for maintaining a 
harmonious workplace. This deals with various parameters such as conflicts, areas of 
interest, grievances addressed, positive and negative feedback comments and inclusive work 
culture. [9,10] HR is responsible for enhancing compliance with labour laws and regulations. 
This includes supervision of employee records and confidential organization information 
and management of employee engagement with various wellness programs related to the 
physical and mental health of an individual. The HR plays an important role in the modern 
organization with various challenges in the business environment [11,12]. Thus it overcame 
various challenges in the modern business ecosystem, and various advanced technologies 
and innovations are utilized to obtain optimum results in diverse fields. This involves arti- 
ficial intelligence techniques which help to obtain automatic decision-making strategies. This 
helps in obtaining newer solutions for complex problems thereby increasing the efficiency of 
the organization in a smarter way. Al-powered tools can analyze and interpret large volumes 
of resumes and help to identify the most qualified candidates [13,14]. This is conducted 
through initial screening interviews. This helps in saving time and resources but also helps in 
minimising bias in the hiring process by focusing on the qualifications and skills of candi- 
dates. They are not dependent on democracies and various topologies. Chatbots and virtual 
assistants can helps to provide new hires with immediate answers to common and advanced 
questions which provides personalized training recommendations based on an individual’s 
skill gaps. This causes leading to higher employee satisfaction and productivity [15], [16]. 
Figure | demonstrates the various stages of human resource planning. 


~eo'w 


Human Resource G) 


IHR Demand Analysis anual mss | HR Supply Analysis 


Tradional one to one practice 


Planning 
OÈ 
Finalized output 
Figure l(a). Human Resource Planning. Figure 1(b). Existing system. 


2 EXISTING SYSTEM 


The existing system is implemented without the aid of artificial intelligence techniques as 
shown in Figure 2. The various drawbacks are listed below 
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e Inefficient process with higher time consumption: The traditional methods depend on 
historical data. These processes can be time-consuming and lead to various inefficiencies 
particularly dealing with a huge volume of related tasks. 

e Manual errors: Various manual errors such as improper verifications, miscalculations 
and errors in the entry process are caused due to manual traditional methods. 

e Reduced data analytics: The traditional HR process is a challenging task due to manual 
calculation and anlaysis. This is a time consuming factor with various complexities. 

e Bias in decision making: Due to the absence of artificial intelligence, automatic decision- 
making is highly complex in nature. 

e Limited employee engagement: Various factors are responsible for employee engagement. 
The limited engagement leads to resulting in decreased job satisfaction and retention rates. 


To overcome the drawbacks of the existing system, the proposed system is implemented 
using machine learning techniques. 


3 PROPOSED SYSTEM 


Analyzing the performance of machine learning algorithms in the realm of human resources 
predictive analytics is implemented using machine learning with genetic algorithm optimi- 
zation techniques. This is inspired from natural selection process. The performance is eval- 
uated through various metrics. The system can able to provide automations t0 enhance the 
field of human resources. 


Data 
collection and 
preprocessing 


Testing and Model 
framing deployment 


Web Database and 


development 


maintenance storage 


Figure 2. Stages in the proposed system. 
4 IMPLEMENTATION OF THE PROPOSED SYSTEM 


Stage 1: Data collection 


Table 1. Sample data. 


Employee ID Experience Performance analysis rating 
0001 2 Yrs 4 

0002 4 Yrs 3.5 

0003 1 Yrs 3.9 

0004 2 Yrs 4.5 


Table 1 demonstrates the sample data 
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Stage 2: Data preprocessing 
Table 2. Processed data. 


Employee ID Age Education level 
0001 27 Degree Holder 
0002 32 Master degree holder 
0003 28 Master degree holder 
0004 29 Master degree holder 


Table 2 demonstrates the processed data. 
Stage 3: GA Initialization 


Table 3. Chromosome classification. 


Employee ID 


0001 
0002 
0003 
0004 


Chromosome 1 


0.1, 0.2, 0.2, 0.4] 
0.1, 0.6, 0.2, 0.3] 
0.2, 0.3, 0.2, 0.7] 
0.5, 0.2, 0.2, 0.8] 


oc SS 


Chromosome 2 


[0.2, 0.5, 0.3, 0.1] 

[0.3, 0.5, 0.4, 0.72] 
(0.3, 0.5, 0.4, 0.72] 
[0.3, 0.5, 0.4, 0.74] 


Table 3 demonstrates the sample data with Chromosome classification. 
Stage 4: Fitness function 


Table 4. Fitness function. 


Employee ID Chromosome | (Fitness function) Chromosome 2 (Fitness function) 
0001 0.67 0.59 
0002 0.68 0.78 
0003 0.89 0.86 
0004 0.49 0.85 


Table 4 demonstrates the fitness function. 
Stage 5: Cross over 


Table 5. Generation of new chromosomes. 


Employee ID Generation New chromosomes 
0001 1 [Chromosome 1] 
0002 2 [Chromosome 2] 
0003 3 [Chromosome 3] 
0004 4 [Chromosome 4] 


Table 5 demonstrates the sample data with the Generation of new chromosomes. 
Stage 6: Mutation 


Table 6. Mutated chromosome structure. 


Employee ID Generation Mutated chromosomes 
0001 1 [Chromosome 1] 
0002 2 [Chromosome 2] 
0003 3 [Chromosome 3] 
0004 4 [Chromosome 4] 
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Table 6 demonstrates the sample data with Mutated chromosome structure. 


Table 7. Pre and post-optimization technique results. 


Metrics Before optimization After optimization 
Throughput (requests/s) 2000 1000 
Accuracy 76 98 
Response Time (ms) 90 100 
Precision 96 90 
F! score 90 98 


Table 7 demonstrates the pre and post-optimization technique results. 


5 SIMULATION RESULT 


The performance evaluation of the proposed system is obtained through implementation 
in Matlab 


SR 
EENS 


PROPOSED SYSTEM 


m Accuracy 
Gams Precision 
— Recall 


see Energy efficiency 


Figure 3(a). Matlab implementation. Figure 3(b). Performance metrics. 


A&B. demonstrates the performance metrics of the proposed system.Conclusion & 
Simulation result output: Accuracy- 99.89% 


6 CONCLUSION 


Analyzing the model performance in human resources predictive algorithms through 
machine learning is an important task in optimizing talent management strategies. 
Machine learning has provided a powerful toolkit for HR professionals to make automatic 
decisions based on real-time data from performance analysis to workforce planning. The 
aid of these algorithms provides high quality data, feature engineering, selection of model 
and evaluation process. The optimization algorithm revolutionizes the HR industry. This 
helps in enhancing the accuracy and reliability of the predictive model. A better under- 
standing and anticipate workforce trends in an organization is achieved through machine 
learning models which help in the identification of patterns and correlations in the his- 
torical data that remain hidden in traditional HR approaches. The analysis also helps to 
reveal the effectiveness of the proposed algorithm. The occurrence of biased or inefficient 
data leads to flawed predictions and perpetuates the existing biases in the hiring and 
employee management system. This helps in continuously improving the data quality with 
various steps to eliminate bias. 
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ABSTRACT: Offering unparalleled flexibility and scalability, cloud computing has com- 
pletely changed how data is managed, accessed, and stored. However, due to the inherent risks of 
storing sensitive data in the cloud, there is a need for stronger security measures, especially in 
virtualized systems A review of data encryption techniques for cloud storage security is provided 
in virtualized systems have been shown in this study. The first part of the paper examines the 
basic security issues provided by virtualized systems, such as shared resources and the possibility 
of unwanted access then explores different encryption techniques, such as homogeneous 
encryption, symmetric and asymmetric encryption, TLS /SSL, etc. In addition, the study looks at 
how encryption affects performance by considering latency and computational cost. Also 
included are recommended practices, regulatory requirements, and compliance standards for 
encrypted cloud storage. The study concludes with recommendations that can be implemented 
for businesses looking to improve the security of their cloud storage in a virtualized system. 


Keywords: Cloud storage, Data encryption, Virtualized environments, Security measures, 
Confidentiality, Regulatory compliance 


1 INTRODUCTION 


Cloud storage has become an important part of today’s computing infrastructure as it pro- 
vides unparalleled cost, scalability, and accessibility to various industries but security and 
privacy have become increasingly important when organizations deploy them and rely 
heavily on cloud storage to hold the critical data. Strong security measures are needed to 
protect sensitive data due to the risks of accessing data in the cloud, including illegal access, 
data violation, and non-compliance. 

The first part of this paper addresses the security risks associated with cloud storage and the 
need for encryption as a primary security precaution. Organizations are under increasing 
pressure to protect their sensitive data in the cloud as cyber threats and data breaches increase. 

The next sections explore several common data encryption techniques used in cloud sto- 
rage systems. These include isomorphic, symmetric, and asymmetric encryption, each with 
significant advantages and disadvantages in terms of usability and performance. The survey 
also looks at customers, cloud storage providers, and other cryptographic technologies 


2 CHALLENGES IN SECURING CLOUD STORAGE WITH DATA ENCRYPTION 
TECHNIQUES 
2.1 Key management 


Robust key management systems are necessary for the secure generation, storage, distribu- 
tion, and decryption of encryption keys. Scaling up encryption key management in a cloud 
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environment is difficult, especially when you have to deal with multiple cloud service pro- 
viders, geographies, and compliance requirements the biggest problem for enterprises is 
ensuring access and management. 


2.2 Performance overhead 


Because encryption provides computational complexity, cloud garage systems’ overall per- 
formance can also go through, specifically in phrases of latency and throughput. Additional 
processing sources are wanted for the encryption and decryption processes. 


2.3 Data mobility and interoperability 


Cloud environments offer smooth records transfers across numerous cloud systems and provider 
companies, hence facilitating records mobility and interoperability for firms. Encryption, how- 
ever, could make records switch and interoperability more hard seeing that. Shown in Figure 1 


a—9—- B= ES 
t 7 


È B~- 


SECRET MESSAGE | ENCRYPTED MESSAGE 4 
oe E 
DECRYPTION PROCESS 


Figure 1. Enhancing data security of cloud-based LMS. 


2.4 Legal and regulatory compliance 


Businesses in regulated sectors are required to abide by the way of methods of several company 
necessities and record protection felony suggestions that cope with the stable transfer and 
storage of touchy data. 


3 TECHNIQUES 


3.1 Data-at-rest encryption 


With this approach, statistics are encrypted before cloud storage. Organizations might also 
guarantee that even within the not ongoing occasion that undesirable events manage to get 
the right of entry to the storage infrastructure. 


3.2 Network encryption 


Statistics-in-transit encryption targets to protect records while it’s far being transferred from 
client devices to cloud garage servers. Data is protected from eavesdropping and undesirable 
admission via way of means of the usage of consistent communique protocols like Secure 
Sockets Layer (SSL) and Transport Layer Security (TLS). 


3.3 Encryption from end to end 


By making certain that data is covered at every level of its lifecycle—from the consumer tool 
through transmission to cloud storage and lower back—end-to-give up encryption is going 
past the safety of cloud garage. 
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3.4 Homomorphic encryption 


Organizations might also effectively handle information within the cloud even while maintaining 
integrity, confidentiality, and privacy with the aid of using homomorphic encryption algorithms. 


3.5  Multi-cloud encryption 


Multi-cloud setups complicate data safety and management when corporations use numer- 
ous cloud vendors for overall performance, redundancy, or regulatory motives. Ensuring 
uniform protection of information irrespective of its vicinity throughout several cloud 
structures can be finished by using constant encryption guidelines and methods. 


4 METHODOLOGIES 


4.1 The PCI DSS, or payment card industry data security standard 


The collective set of safety tips, called PCI DSS, is meant to provide a steady environment 
for corporations that receive, technique, shop, or transmit credit score card statistics. It has 
evolved using the Payment Card Industry Security Standards Council (PCI SSC) to protect 
cardholder information and prevent credit card fraud. 


4.2 Health insurance portability and accountability Act (HIPAA) 


The Protected Health Information Act (IPAA) is a federal regulation within the United States 
that units recommendations for protecting touchy fitness facts (PHI). It seeks to monitor the 
use and disclosure of PHI by healthcare companies, health structures, and other entities. 


4.3 Data protection regulation 


The European Union (EU) passed the General Data Protection Regulation (GDPR) to 
improve the privateness rights of man or woman citizens and to introduce uniform facts 
safety guidelines throughout all EU Member States. 


4.4 Layer security in transport 


TLS is a cryptographic protocol that replaces SSL and has the same function as defensive 
network site visitors. It gives records exchanged between a client and a server encryption, 
authentication, and integrity protection. Similar to SSL, TLS encrypts data to assure privacy 
even as it is being despatched.Shown in Figure 2 
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Figure 2. Data security in cloud computing. 
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4.5 Layer of secure sockets 


Web browsers and web servers are not unusual verbal exchange methods for laptop net- 
works secured with the aid of the SSL cryptographic protocol. It offers integrity safety, 
authentication, and encryption of records transmitted among customers and servers. 


5 ENCRYPTION ALGORITHMS FOR SECURING CLOUD STORAGE 


5.1 Advanced encryption standard (AES) 


One famous symmetric encryption technique for protection is AES. To encrypt and 
decode statistics, it makes use of a substitution-permutation network on fixed-length facts 
blocks (128, 192, or 256 bits). Because of its effectiveness, speed, and resilience to 
cryptanalysis. 


5.2 RSA (Rivest-Shamir-Adleman) 


RSA is an asymmetric encryption technique utilized in cloud garage systems for key 
exchange and stable digital signatures. Large prime integer factorization is hard to trouble, 
which contributes to the safety of encrypted information. 


5.3 Elliptic curve cryptography (ECC) 


Because of its effectiveness and protection, ECC is another asymmetric encryption technique 
that is often employed in cloud garages. Unlike other asymmetric algorithms like RSA, ECC 
gives high cryptographic security with lower key lengths by utilizing the algebraic features of 
elliptic curves over finite fields. 


5.4 Twofish 


It is a symmetric encryption technique that works with and might deal with as much as 256 
bits of key period. Due to its reputation for simplicity, adaptability, and safety, cloud storage 
settings are frequently selected to apply for information safety. 


5.5 ChaCha20 


The symmetric encryption algorithm ChaCha20 has evolved to be proof against cryptana- 
lysis and to operate speedily. It supports key sizes of 256 bits and runs on record blocks of 
512 bits. 


6 RESULT AND ANALYSIS 


6.1 Encryption performance 


Analyze how encryption affects cloud garage activities’ performance. Assess variables like 
latency, processing overhead delivered through encryption techniques, and add/download 
rates of information. 


6.2 Security effectiveness 


Examine how encryption improves protection for sensitive information saved in virtualized 
settings. Examine if encryption reduces the possibility of insider threats, unlawful right of 
entry, and records breaches. 
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6.3 Compliance alignment 


Analyze how properly industry norms and legal necessities match up with encryption prac- 
tices. Assess if encryption solutions sufficiently satisfy prison requirements like GDPR, PCI 
DSS, and many others. 


6.4 Key management 


Examine the effectiveness of key control practices in securely managing encryption keys 
inside virtualized environments. Assess the robustness of generation, distribution, rotation, 
and revocation procedures. 


6.5 Data residency and jurisdiction 


Think about how encryption influences jurisdictional duties and records residency. Examine 
if encryption tactics make it less complicated to abide by rules and legal guidelines 
approximately statistics protection, records sovereignty, and international records transfers. 


7 CONCLUSION 


The exam of data encryption strategies for cloud garage safety in virtualized systems high- 
lights the vital want for sturdy security measures to guard sensitive information against 
changing threats and regulatory scrutiny. A thorough examination of encryption strategies, 
cryptographic protocols, and compliance specs yields several essential conclusions and 
ramifications that shape the sphere of cloud protection and guide destiny paths for exam- 
ination and alertness. To begin with, the report emphasizes how critical statistics encryption 
is as a fundamental protection function in virtualized cloud systems. Organizations might 
also lessen their danger of unauthorized access breaches, and compliance infractions of their 
facts whilst it’s in transit, at relaxation, and some stage in its lifespan. 

Furthermore, the research emphasizes how complicated encryption is, involving an 
extensive range of methods, algorithms, and cryptographic protocols. Organizations own an 
abundance of equipment to personalize encryption techniques in step with their specific 
security needs and operational constraints. 

Additionally, the research clarifies the complex interactions that occur in virtualized cloud 
settings between encryption and regulatory compliance. Organizations ought to adhere to 
strict legal requirements and rules to stabilize sensitive statistics, keep privacy rights, and 
implement admission to restrictions. 


8 FUTURE ENHANCEMENT 


We specializing in those areas for destiny development, organizations may also improve the 
resilience in their cloud storage infrastructures, hold up with converting protection threats, 
and maintain the supply, confidentiality, and integrity of facts in virtualized settings. To spur 
innovation and enhance the reputation of encryption era for cloud security in the future 
years, cooperation among researchers, industry stakeholders, and policymakers may be 
critical. 
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ABSTRACT: Identifying stress among IT employees entails employing a range of 
technologies and methods, including machine learning and visual processing, to recognize 
and mitigate the factors that lead to workplace stress. Ensuring the precision and 
dependability of stress detection models amidst the diverse stress reactions among IT 
employees poses a challenge, while also addressing ethical and privacy concerns during 
the collection and analysis of sensitive data pertaining to the mental health of IT pro- 
fessionals via machine learning methods presents another obstacle .The issue at hand 
involves tackling the hurdles associated with precisely identifying stress among IT 
employees while prioritizing data privacy and ethical considerations. The goal is to 
improve the accuracy and dependability of stress detection models by integrating machine 
learning, visual processing, and privacy protection methods. The suggested system com- 
bines sophisticated encryption methods to protect the confidentiality of delicate infor- 
mation, alongside utilizing tailored stress detection algorithms that accommodate 
individual differences. This approach helps alleviate worries regarding data privacy and 
the accuracy of stress identification among IT personnel. The suggested system exhibits 
higher levels of accuracy, precision, and scalability in contrast to current systems, utiliz- 
ing state- of-the-art encryption methods to safeguard data privacy while implementing 
tailored stress detection algorithms. 


Keywords: Stress Detection, IT Employees, Machine Learning, Visual Processing, Privacy 
Protection, Ethical Concerns, Data Privacy and Precision 


1 INTRODUCTION 


In today’s dynamic IT work environments, prioritizing the well-being of employees is 
essential for sustaining productivity and nurturing a positive organizational culture [1]. The 
identification and management of stress among IT professionals have become increasingly 
imperative as the industry’s demands continue to evolve [2]. Embracing technological 
advancements, particularly in machine learning and visual processing, presents promising 
avenues for accurately pinpointing and alleviating stressors in the workplace [3]. This 
introduction delves into the inherent challenges of this pursuit, emphasizing the delicate 
balance required to achieve precision in stress detection models while upholding data privacy 
and ethical standards [4]. 

The intricate spectrum of stress responses observed among IT employees poses a sub- 
stantial hurdle in developing robust stress detection models [5]. With a myriad of stress- 
inducing factors and individualized reactions, ensuring the accuracy and reliability of these 
models becomes paramount. Furthermore, the incorporation of machine learning and visual 
processing methodologies introduces intricate complexities that necessitate careful 
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navigation to yield precise outcomes [6]. Simultaneously, ethical and privacy considerations 
surface, particularly concerning the gathering and analysis of sensitive data pertaining to the 
mental well-being of IT professionals [7]. Striking a harmonious equilibrium between accu- 
rate detection, ethical principles, and data privacy mandates presents a multifaceted chal- 
lenge that demands innovative solutions [8]. 


2 LITERATURE REVIEW 


The exploration of stress detection within IT workplaces in academic literature underscores 
the increasing emphasis placed on prioritizing employee well-being to sustain productivity 
and cultivate a positive organizational environment [18]. As the IT industry rapidly evolves, 
the identification and mitigation of stress among IT professionals have emerged as pivotal 
endeavors. Utilizing technological advancements, particularly in machine learning and 
visual processing, offers promising avenues for effectively recognizing and alleviating 
workplace stressors. Nonetheless, existing research highlights the intricate nature of stress 
responses among IT employees, underscoring the imperative for precise and dependable 
stress detection models. 

Within the complex realm of stress detection methodologies, previous studies have 
delineated various approaches aimed at enhancing the accuracy and robustness of stress 
detection models. Researchers have explored the integration of machine learning algo- 
rithms and visual processing techniques to refine the accuracy of stress identification. 
However, challenges persist in accommodating the diverse array of stress responses 
observed among IT employees and ensuring the scalability of stress detection systems. 
Furthermore, ethical considerations surrounding the responsible acquisition and utili- 
zation of sensitive data remain paramount, necessitating innovative solutions to strike a 
harmonious balance between accurate stress detection and data privacy. Building upon 
the foundation laid by existing literature, this study endeavors to advance stress detec- 
tion methodologies in IT workplaces by integrating machine learning, visual processing, 
and privacy- enhancing techniques [21]. By synthesizing insights gleaned from prior 
research and addressing identified gaps, the proposed system aims to furnish a compre- 
hensive framework for precisely identifying and managing stress factors among IT 
personnel. 


3 RESEARCH METHODOLOGY 


The research area focuses on improving stress detection methods in IT workplaces by 
incorporating machine learning, visual processing, and privacy-preserving techniques [13]. 
In today’s dynamic IT environments, prioritizing employee well- being is essential for 
maintaining productivity and fostering a positive organizational culture [14]. Leveraging 
advancements in technology, particularly in machine learning and visual processing, pro- 
vides promising opportunities for accurately identifying and addressing stress factors in the 
workplace. 


3.1 Architecture 


The proposed architecture, as gleaned from the provided data, aims to bolster stress detec- 
tion within IT workplaces through the fusion of machine learning, visual processing, and 
privacy-enhancing methods. This holistic strategy is designed to confront the complexities of 
accurately pinpointing stress among IT personnel while giving paramount importance to 
safeguarding data privacy and ethical principles. 
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Figure 1. Architecture of the proposed system. 


Based on the provided information, the proposed architecture aimed at enhancing stress 
detection in IT workplaces consists of six key elements: 


3.1.1 Utilization of machine learning algorithms 

Employing machine learning algorithms is pivotal in precisely identifying stress triggers 
among IT personnel. These algorithms analyze data patterns to identify stress-inducing 
factors and forecast stress levels, contributing to the development of resilient stress detection 
models. 


3.1.2 Integration of visual processing techniques 

Integrating visual processing techniques is crucial for improving the accuracy of stress 
detection. By scrutinizing visual cues like facial expressions, body language, and environ- 
mental elements, visual processing algorithms complement machine learning methods in 
identifying and alleviating workplace stressors. 


3.1.3. Implementation of privacy- enhancing measures 

Addressing ethical and privacy concerns linked with data gathering and analysis, the 
architecture incorporates privacy-enhancing techniques. These measures ensure the con- 
fidentiality and integrity of sensitive data regarding the mental well- being of IT profes- 
sionals, thereby upholding trust and adherence to privacy standards. 


3.1.4 Adoption of advanced encryption protocols 

The proposed system employs sophisticated encryption protocols to protect sensitive infor- 
mation’s confidentiality. Through encrypting data during transmission and storage, the 
system mitigates the risk of unauthorized access or breaches, thereby safeguarding data 
privacy and integrity. 


3.1.5 Development of tailored stress detection algorithms 

Tailored stress detection algorithms are crafted to accommodate variations in stress 
responses among IT staff. These algorithms utilize personalized models based on individual 
traits and historical data, facilitating more precise and efficient identification of stress factors 
tailored to each employee’s unique requirements. 


3.2 Algorithm 


3.2.1 Data collection and preprocessing 

Acquire pertinent data concerning stress factors in IT environments, encompassing machine 
learning and visual processing attributes. Preprocess the data to handle missing values, 
standardize features, and ensure data uniformity. 
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3.2.2 Feature selection and extraction 

Identify suitable features from the dataset indicative of stress levels among IT professionals. 
Employ visual processing techniques to extract pertinent features from visual cues like facial 
expressions and body language. 


3.2.3 Training and testing data split 

Partition the dataset into training and testing subsets to evaluate the efficacy of the KNN 
Classifier algorithm. Ensure the training set adequately reflects the diversity in stress 
responses observed among IT personnel. 


3.2.4 Model training 

Train the KNN Classifier model using the training data. The algorithm learns to categorize 
instances based on the resemblance of their features to those of neighboring instances in the 
feature space. 


3.2.5 Privacy protection integration 

Integrate privacy-enhancing techniques into the algorithm to address ethical and privacy 
concerns associated with sensitive data handling. Ensure adherence to data privacy regula- 
tions and uphold the confidentiality of sensitive information. 


4 EXPERIMENTAL RESULTS 


The experimental outcomes of the stress detection system proposed in “Enhancing Stress 
Detection in IT Workplaces: Integrating Machine Learning, Visual Processing, and 
Privacy-EnhancingTechniques” illustrate the successful fusion of cutting-edge machine 
learning and visual processing techniques with methods for preserving privacy. By 
tackling the challenge of precisely identifying stress in IT employees while giving priority 
to data privacy and ethical considerations, the system attains heightened levels of accu- 
racy, precision, and scalability compared to existing solutions. Employing an advanced 
KNN Classifier algorithm with an accuracy rate of 95.9% and precision of 0.95, along- 
side a minimal time complexity of 0.05ns, the system adeptly categorizes emotions in 
images. 
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Figure 2. Accuracy Vs K. 


The accuracy plotted against the number of neighbors (k) in Figure 2 illustrates how the 
proposed stress detection system consistently achieves elevated accuracy levels. This graph 
undessrscore the system’s effectiveness in precisely identifying stress among IT 
professionals. 
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Precision vs k 
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Figure 3. Precision Vs K. 


Figure 3 illustrates how the precision changes with varying numbers of neighbors (k) for 
the proposed stress detection system, showcasing its ability to sustain consistently high pre- 
cision levels across different configurations of the advanced KNN Classifier algorithm. This 
emphasizes the system’s effectiveness in precisely detecting stress among IT professionals 
while maintaining a focus on data privacy and ethical principles. 
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Figure 4. Execution Vs K. 


Figure 4 illustrates how the system’s execution time varies with different numbers of 
neighbors (k) in the advanced KNN Classifier algorithm, showcasing its efficient operation 
across various settings. This emphasizes the system’s ability to accurately detect stress among 
IT professionals while prioritizing data privacy and ethical concerns. 
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Figure 5. Model accuracy between accuracy Vs K precision Vs K execution Vs K. 


Figure 4 presents a comparative evaluation of the system’s accuracy across various 
parameters such as precision, execution time, and accuracy itself, demonstrating its strong 
performance in effectively identifying stress among IT professionals. Additionally, it 
underscores the system’s dedication to maintaining data privacy and ethical standards. 
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5 DISCUSSION OF RESULTS AND RECOMMENDATIONS 


The experimental results from the stress detection system proposed in “Enhancing Stress 
Detection in IT Workplaces: Integrating Machine Learning, Visual Processing, and Privacy- 
Enhancing Techniques” demonstrate a successful amalgamation of state-of-the-art technolo- 
gies and methodologies. Through the incorporation of machine learning, visual processing, 
and privacy- enhancing techniques, the system effectively tackles the complex challenge of 
identifying stress among IT employees. Notably, it achieves elevated levels of accuracy, pre- 
cision, and scalability when compared to existing solutions. The analysis of the results 
underscores the system’s strong performance and its implications for managing workplace 
stress. Figures 1, 2, and 3 provide insights into the system’s accuracy, precision, and execution 
time, respectively, demonstrating its efficiency and effectiveness across various parameters. 


6 CONCLUSION 


The Incorporating machine learning, visual processing, and privacy-enhancing methods into 
the stress detection system for IT environments showcases notable improvements in accu- 
racy, precision, and scalability over current solutions. This highlights its efficacy in miti- 
gating workplace stress while maintaining data privacy and ethical integrity. In the future, 
researchers may pursue additional progress in stressdetection systems tailored for IT work- 
places by refining machine learning algorithms, improving visual processing techniques, and 
fortifying privacy- enhancing measures to uphold ongoing efficacy and ethical standards. 
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ABSTRACT: This systematic review explores the intersection of the ancient philosophical con- 
cept of karma with contemporary management practices, employing PRISMA guidelines and AI- 
based bibliometric analysis to ensure rigorous methodology and comprehensive data synthesis. The 
study rigorously analyses the existing literature, including 27 articles that met the inclusion criteria, 
to investigate how principles derived from karma influence ethical leadership, employee welfare, 
and overall organizational performance. Results from the analysis reveal that karmic principles 
significantly enhance management practices by promoting ethical behavior, improving employee 
satisfaction, and fostering sustainable business models. The implications of these findings are pro- 
found, suggesting that the integration of karmic philosophy could fundamentally transform lea- 
dership styles and business operations, leading to more holistic and ethically driven organizational 
cultures. This research contributes to management studies by providing a novel perspective on 
integrating traditional wisdom into modern business practices, offering a pathway toward more 
compassionate and principled management. Keywords: PRISMA, AI-based bibliometric analysis, 
Karma, Management, Ethical Leadership, Organizational Performance, Systematic Review. 


Keywords: PRISMA, AI-based bibliometric analysis, Karma, Management, Ethical 
Leadership, Employee Welfare 


1 INTRODUCTION 


The relationship between the philosophical concept of karma and modern management practices 
introduces a new valuable perspective on the dynamics of organizational behavior, leadership, and 
ethical judgment. The centuries-old restricted idea of karma central to Indian culture and spiri- 
tuality’s represents a unique framework, which explains how past actions dictate future events. 
When translated to management, this idea can elevate ethical leadership, promote employee wel- 
fare, and improve organizational performance. The discussed systematic review based on the 
PRISMA criteria examines a newly arising field of the management construct, karma in manage- 
ment. Using studies ranging awareness from the concept’s role in moral reasoning and leadership to 
research about its role in consumer behavior and impact on green brand purchase, the review aims 
to draw a comprehensive image of the construct of karma in management. The concept of karma as 
presented in the revered Shrimad Bhagavad Gita creates a solid philosophical foundation that 
expands far beyond the field of individual moral growth to the modern management practices. In 
Gita’s understanding, karma is the law of cause-and-effect, where actions performed without 
attachment to the results can lead to spiritual enlightenment. When an individual follows the 
principle, it becomes known as Karma-Yoga, which translates to performing one’s duty detached 
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from the outcomes. Such an approach integrated into management practice could revolutionize the 
general approaches to leadership and ethics, creating conditions where a value-based judgement that 
prioritizes employee welfare and sustainability is promoted. 


1.1 Objectives and relevance of the study 


The objectives of the study are to utilize PRISMA guidelines and AI-based bibliometric analysis 
to conduct a comprehensive review of existing literature on the integration of the philosophical 
concept of karma within modern management practices. This includes analyzing how karma 
influences ethical leadership, employee well-being, consumer behavior, and sustainability initia- 
tives. The relevance of the study is substantiated by the scientific exploration of how an ancient 
philosophical concept, karma, as interpreted in the Shrimad Bhagavad Gita can be incorporated 
into modern management. Based on the integration of various databases on the topic, it became 
apparent how principles like Karma-Yoga, or selfless actions, can revolutionize such leadership 
concepts as ethical decision-making and organizational culture. 


2 LITERATURE REVIEW 


The review provides a systematic investigation of the multifaceted impact of karma, an essential 
concept of Indian philosophy, on management and organizational behavior. Based on synthesis of 
27 seminal studies, the review demonstrates the application of karma’s principles to certain types 
of leadership, employees’ well-being, customer behavior, and ethical decision-making in a modern 
organizational context. 

The exploration of karma’s influence across various dimensions of management and organiza- 
tional behavior has yielded rich insights, as evidenced by numerous studies. The role of Karma- 
Yoga in moral development and leadership is highlighted, emphasizing its pivotal role in moral and 
leadership development [1]. The effect of karma on moral decision-making and revenge behaviors is 
demonstrated, showing that belief in karma reduces revenge behaviors by fostering a belief in 
inevitable justice [2]. The development of a reliable measure for Karma-Yoga contributes sig- 
nificantly to the study of workplace spirituality [3], and the positive influence of karma beliefs on 
green brand purchase intentions is identified [4]. Further research suggests that karma enhances 
charitable giving, particularly when guilt is induced [5], and posits that karmic practices can boost 
both organizational performance and employee well-being [6]. The integration of karmic principles 
into leadership theories for more holistic management is advocated [7], and the proposal of new 
tools for quality management based on karmic principles emphasizes ethical considerations [8]. The 
role of karma in consumer behavior is also investigated, showing how social media influenced by 
karmic beliefs can impact consumer attitudes and behaviors [9], and exploring the dynamics of 
abusive supervision from a karmic perspective [10]. It’s indicated that karmic beliefs can influence 
customer satisfaction outcomes [11], and ancient wisdom from the Bhagavad Gita is proposed to 
enhance contemporary management practices [12]. The implications of karma for ethical manage- 
ment and stress mitigation are discussed [13,14], with a call for more research on karma in business 
ethics highlighted [15]. Expanding on social exchange theory by incorporating karmic beliefs enri- 
ches the understanding of social exchanges in organizations [16]. Advocacy for the integration of 
workplace spirituality and karmic beliefs to enhance organizational culture is made [17]. The 
influence of karma on consumer decisions in China is shown [18], and significant ethical con- 
siderations influenced by karmic beliefs in digital food consumption are found [19]. Parallels 
between karma theory and quantum physics in management contexts are drawn [20], and principles 
from the Bhagavad Gita are suggested as a moral framework to navigate professional ethical 
dilemmas [21]. It is found that spiritual leadership enhances organizational performance and ethical 
practices [22]. The argument that ethical practices and karma-based philosophies contribute to 
sustainable competitive advantage is made [23]. The influence of Buddhism on consumer behavior 
in Asia is explored [24], and it’s shown that karma beliefs are associated with holistic thinking 
patterns and influence decision-making [25]. The examination of how public beliefs about karma 
affect personal judgments and behaviors [26], and the suggestion that psychological factors, 


780 


including beliefs in karma, motivate pro-environmental actions [27], round out this comprehensive 
survey of literature, demonstrating the extensive impact and application of karmic principles across 
a variety of fields within management and organizational studies. 


3 METHODOLOGY 


This review is based on the systematic review of literature on “Karma” and “Management” in the 
Web of Science database using the PRISMA 2020 guidelines (Figure 1). In doing so, a three-step 
process was performed to consider artifacts that are most valid and relevant. In step 1 record 
identification was made where a general Web of Science Database search resulted in 397 records. 
In step 2 screening was performed. 26 records prior to 2010 were excluded., 6 records were 
dropped since they were from non-article sources. 50 records out of 373, was selected for full text 
review. In the final step 3, 27 records proved to be valid were included for review for the final 
study. The research data was fetched through the literature database web of sciences with the 
keyword “Karma” and “Management” for the period between 2010 and 2024. The search resulted 
in 27 documents from 24 different sources. However, it was noted that the annual growth rate is at 
0%. The citation rate for the documents is moderate estimated at an average of 7.41 citations per 
document totaling to 1548 references. The document authorship pattern is also indicative of a 
high degree of collaboration. With 69 authors engaged, the average number of co-authors every 
document is 2.56. Also, the international collaboration figure of 22.22% shows that the subject is 
of widespread global interest. Therefore, through the 14 years, the subject “Karma” and 
“Management” has generated high academic interest, and diverse authors cutting across docu- 
ment type indicator published articles. Bibliometric analysis was performed to this extracted data 
by the means of biblioshiny method through R Studio software. Shown in Figures 1 & 2 


From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372-n71. doi: 10.1136/bmį n71 


Figure 1. PRISMA technique for inclusion of research articles [28]. 
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Figure 2. Annual scientific production and most relevant affiliations. 
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The fluctuations might indicate the varying interest in the topic being studied. The Figure 2 
shows how the number of articles on the ‘Karma’ and ‘Management’ keywords changes every 
year. It is visible that the field of scientific research in question does not demonstrate the trend of 
constant growth. The factor influencing it might be the changing governmental funding system or 
switching scientific trends in management theory to new interest objects. 


4 RESULTS AND DISCUSSIONS 


It is quite helpful to view the domains from which the affiliations contributing their articles. The 
affiliations that contributed to the body of literature on “Karma” and “Management” are listed in 
Figure 2. Based on the figure, IIM System leads with four articles, which shows a particular focus 
or expertise on the issue. Columbia University and ESADE follow with two articles each. Other 
contributors, including the Indian Institute of Management in Lucknow and XLRI — Xavier 
School of Management, have two contributions, each as well. The representation of educational 
institutions in India seems noteworthy: the pattern may indicate the regional research interest or 
cultural influence concerning the themes of the karma concept in terms of management. 

The data and the map in Figure 3 show a geographic distribution of scientific production on 
“Karma” and “Management.” As can be seen, India is the predominant contributor with a 
remarkable 24 publications, while China and the USA follow it with 14 and 7 publications, 
correspondingly. Thus, these countries indicated a significant interest in this area of research. The 
contributions of other countries, including Sweden, Australia, and Spain, are minor. As can be 
assumed, a number of possible reasons might explain this particular distribution. These might be 
culture or cultural impacts, academic interests in the distinct countries, or a funding instrument. 
For instance, the concept of karma is deeply ingrained in the Indian culture in general, so, 
naturally, India would have the highest publication rate. Shown in image 134.3. 
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Figure 3. Country scientific production and most cited countries. 


The above data Figure 3 and chart show the total citations and average article citations of 
countries which have contributed to the literature on Karma/Management. The USA has the most 
total citations (TCs) among the countries in the chart with 64. The average citations per article are 
also high at number with 64, therefore, each article from the USA is highly cited evidently. However, 
China, Sweden, and Indonesia have moderate citations while Swedish articles have a lower citation 
rate of 10.5 which is remarkably high. Indonesian articles have a remarkable number with an average 
citation of 13 showing that the number of articles is quite low. Shown in image 134.4. 
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Figure 4. Word cloud. 
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The word cloud presented in Figure 4 represents the frequency of the terms associated with the 
literature on “Karma” and “Management. The term “karma” is high-frequency, and it is expected 
to be the most common term in this regard; it appeared seven times and is central to the research 
theme. The term “Indian culture” is also frequent. This is because the karma concept is founded 
on this culture’s underpinnings. Other terms such as “business ethics,” “karma-yoga,” “leader- 
ship,” “prosocial behavior,” and “spirituality” demonstrate a diverse approach to the theme but 
are connected between different ideas in the literature that researchers explore within the spectrum 
of karma in management studies. It shows that karma in management is a study that runs as a 
putative line from the grounds of this philosophy “Bhagavad Gita,” “dharma” to its implication 
in the job practice “workplace spirituality,” “prosocial behaviour”. 

The study sheds new light on the key route to integrate pieces of ancient philosophical wisdom, 
such as karmic concept from Shrimad Bhagavad Gita, into the contemporary organizational and 
management context. It illustrates the tremendous transformative capacity of karmic principle of 
performing actions with no expectations on their results on ethical leadership climate, employee 
well-being, and sustainable business performance. Not only does this integration align with the 
growing global accent on ethical business management and sustainability, but it also provides a 
new, non-standard way of addressing various complex organizational issues of modern times — 
work-related stress, ethical decision-making, and consumer behavior. Finally, the study prompts 
additional discourse and research on the potential combinations of ancient philosophy and 
modern business ethics. 


5 CONCLUSION 


Overall, the analysis conducted in the systematic review on karma’s mechanism of functioning 
within management practices demonstrates a vast confluence of ancient philosophic concepts and 
current issues and challenges associated with organizing work. This paper examined a range of 
sources published on the discussed topics including researches concerning the features of karmic 
application in leadership, well-being, and producers of consumers. The results of the present study 
indicate that the phenomena of karma align with the requirements of ethical leadership, employee 
spiritual workspace, and responsible consuming. Due to these aspects, the present study con- 
tributes to the awareness of karma utilizing modern organizational settings. Nonetheless, it does 
not exhaust the topic’s research opportunities; thus, the necessity of conducting additional 
research remains in the field of merging ancient wisdom with modern techniques that the business 
community struggles to ally. 
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ABSTRACT: Recycling of waste and used flowers for the manufacturing of dhoopbatti and 
agarbatti is an innovative means of recycling waste and promoting a source of sustainable liveli- 
hoods. The study aimed to investigate the viability and potential of utilizing the waste flowers that 
are generally thrown after performing religious ceremonies and daily ritual functions into eco- 
friendly incense action helps. The procedure consists of gathering, drying, and processing waste 
flowers, which are then combined with natural adhesive, fragrances, and additional components 
to produce incense sticks or cones. A combination of study review and applied and instrumental 
experimentation led to the conclusion of the research, including the environmental, social, and 
economic implications of recycling used flowers to manufacture insensible. Ultimately, it was 
possible to demonstrate that organic garbage creation can be reduced, natural resource utilization 
conserved, culture be preserved, and income sources for artisans and communities can continue to 
be created. Hence, all stakeholders may utilize this approach to work towards sustainable devel- 
opment objectives while simultaneously preserving and restoring our ecosystems and culture. 


Keywords: Recycling, environment conservation, landfill pollutants, used and waste flowers, 
Dhoophbatti and Agarbatti 


1 INTRODUCTION 


Recycling waste, especially used flowers, to manufacture products such as dhoop batti and agar 
batti, is an excellent idea for numerous reasons. Manufacturing products like dhoop batti and 
agar batti from used flowers is a unique example of blending nature, convention, and afford- 
ability. Since, on the one side, it assists garbage disposal, and on the other, it changes unreacted 
organic into something nice. Flowers carry a lot of importance across numerous cultures, pri- 
marily throughout South Asia. Flowers are utilized for religious reasons, rituals, and decorations. 
If properly recycled, it eliminates the issue of water contaminated or greenhouse gases released as 
they get rotted away. Artisans and enterprises have taken the route of sustainability, as discussed 
earlier. Waste flowers are thoroughly processed so that the organic substance may be utilized to 
produce agarbatti and dhoopbatti. Though they have a sweet smell, they contain the purity of the 
flowers [1,2]. The used flowers have been collected here, then dried, following which their essential 
oils or other effects have been extracted. Tertiary products, such as millimetre tree gums or tree 
rosins, are inserted before wrapping them onto bamboo rods to have a mild fragrant effect. The 
final product encompasses fragrance plus the real flowers emit their quality, adding to the psy- 
chological elevation before fusing the incense rods. Furthermore, this is assisting the local econ- 
omy and the traditional industry as a whole. Disposal of social groups, such as females and the 
unserved, one means out of it is that they’re part of the manufacturing process once waste flowers 
are collected and treated. Additionally, the industry has become aligned with greater demand 
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from customers. Since billions of people strive to lessen their environmental footprint, they hunt 
for ways to enhance society via communal organizations and multiple suppliers of recycling 
incense. Thus such a choice gives them what they desire from an environmental and a societal 
viewpoint. Therefore, reusing used dhoop batti and agar batti flowers for production is a blend of 
preserving the surroundings, renewing customs, and establishing relations [3,4]. 


2 LITERATURE REVIEW 


2.1 Used flowers collection 


Flowers are often offered to deities and then wasted after their withering in many places, including 
temples and households. The waste flowers are acquired before their decomposition to conduct 
the initiative’s first stage [5]. 


2.2 Separation and processing 


The acquired flowers are further separated from other waste and processed. Processing involves the 
removal of any debris like plastic or paper that might have been part of the offer and is non- 
biodegradable. 3. Drying and Preparation: The separated flowers are dried until completely moisture 
free prevention from post-molding roots. The flowers are now ready for the next processing [6]. 


2.3 Mixing with other materials 


The dried flowers are mixed with bamboo sticks, charcoal sticks, essential oils, resins, and natural 
binding agents. The quality and fragrance of the desired incense determine the intensity or volume 
of the respective ingredients . 5. Rolling and Sticks Formation: The mixed incense is then rolled 
around bamboo sticks or molded into sticks. The rolling is often skillfully done by hand by the 
artisans for uniform sizes and shapes [7]. 


2.4 Final drying and curing 


The freshly prepared sticks of incense are dried and cured to reach the ideal hardness and fra- 
grance maturation. The incense presents the best quality aroma possible. 7. Packaging and Selling: 
The dried sticks are now packed and fielded for availing to the prospective customers. The incense 
is available on the market, online shops, and supermarkets [8]. 


3 BENEFITS OF RECYCLING WASTE INTO INCENSE STICKS 


3.1 Environmental benefits 


Recycling waste flowers lessen the burden on landfills and, as a consequence, minimizes envir- 
onmental pollution. Such processes also contribute to sustainable use by reusing organic waste. 


3.2 Economic opportunities 


Turning waste into value-creating products, such as incense sticks, provides economic opportu- 
nities for the local population, particularly artisans and small-scale entrepreneurs. 


3.3 Cultural and spiritual value 


Incense sticks are essential in the cultural and religious practices of various communities across the 
world . By supplying incense sticks, created from recycled waste and used as incense in religious 
rituals and meditation, communities can provide their practices without harm to the environment. 
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3.4 Aromatic experience 


Incense sticks from waste flowers may provide an interesting and pleasant aromatic experience by 
adding fragrance to the entirety of the flowers. Thus, recycling waste into incense sticks helps 
address environmental issues, good socio-economic development and cultural heritage [7,8]. 


4 MATERIALS NEEDED 


4.1 Waste flowers 


The used flowers are collected from the places of worship, households, and other sources. The 
flowers should not contain any contaminations such as plastics or paper. 


4.2 Binder 


The natural adhesive like resin, guar gum etc. are used as the binder of the material which are 
founded by the powder of dry flowers. 


4.3 Fragrance 


It delivers the aromatic composition. Essential oils are primarily used in agarbatti making, and the 
most common fragrances include sandalwood, jasmine, rose, and lavender. 


4.4 Charcoal powder 


The charcoal is required to provide the base for burning and ensure instant burning of the incense. 
Bamboo Sticks or Molds: These are used to make agarbatti sticks and fabricate dhoopbatti, 
respectively. Water: Used as a medium to mix the ingredients and make a dough-like pulp. 


4.5 Optional ingredients 


Other ingredients such as resins spices or herbs are added to enhance the fragrances and improve 
the appearance [9,10]. 


5 METHOD 


5.1 Flowers preparation 


Make sure no non-biodegradable parts remain on the flowers. Flowers should be dried thoroughly 
to eliminate any moisture that could lead to mold during the manufacturing process. 


5.2 Grinding 

Flowers need to be grounded into a powder using a mortar and pestle or an electric grinder. The 
powder helps to increase the contact surface area for the mixing of ingredients . 

5.3. Mixing ingredients 

In a mixing bowl, add the powered flowers and charcoal powder as one of the components in the 
desired percentage. The charcoal percentage would depend on the intensity of the required fra- 
grance. Add natural binders, include gum arabic or guar gum and add water gradually while 
mixing to attain a form of dough. 

5.4 Add fragrance 


Add the essential oils depending on the required strength of the smell. 
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5.5 Shaping 


Dip a bamboo stick for the agarbatti and make sure it is uniformly coated and allowed to dry. Fill 
dhoopbatti molds with the resultant solution and press and allow it to dry. 


5.6 Drying and curing 


Once shaped, they should be placed in a well-ventilated area to dry completely. The more you and 
the more they are allowed to cure, the more fragrance would be there. 


5.7 Packaging and storage 


Pack and store in a cool, dry place away from direct sunlight. 

It should be noted that the number of used flowers needed to produce 1 kg of dhoopbatti recipe 
highly depends on the specific formula and the type of flowers chosen. Generally, making dhoop- 
batti typically involves mixing several materials, including the petals of flowers, essential oils, and 
various resins, among others. However, even if we assume that only one type of petal is used during 
the production process, the quantities also differ considerably since they depend on the petal’s type, 
moisture, and the intensity of the flowers’ scent centrated. For example, when roses are used and 
assuming their sufficient moisture, it might be necessary to use 500-600grams of petals of the total 
mass taken together to 1 kg of dhoopbatti. For flowers with low moisture or strong flowers, you 
may need fewer flowers. To make an accurate estimate, refer to a specific recipe or manufacturer. 
Ratio of dry flowers, charcoal, fragrance to make Dhoop Batti and agar Batti: The ratios of dry 
flowers, charcoal, and fragrance to make dhoop batti or agar batti differ depending on the specific 
recipe and depending on how much fragrance you want [11,12]. Shown in Figure 1 


Used flowers from 
tampes 


| 


Dried Used flowers in Sun 
light 


} 


Grind the dried used flowers 


Mixing the sea dried flower 
powder 


| 


Figure 1. Process of recycling of used flowers. 


5.8 Dhoop Batti 


Dry Flowers: 70-80% of the whole mixture, which includes flower petals or any plant parts that give 
fragrance. Charcoal: 10-20% of the whole mixture, which helps in the even burning of the incense stick. 
Fragrance: 5-10% of the mixture, which can differ depending on personal taste and fragrance depth. 


5.9 Agarbatti 


Charcoal: Mainly, the base incense stick, which is the bamboo stick, will carry the role of charcoal 
and provide the structure evenly burns. Generally, the ratio is 60-70%. Perfumery Compounds: 
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20-30% and provide the fragrance.Binding Agents: 5-10% and ensure that everything stays together 
on the stick. The ratio mentioned above might not be exact because each recipe or manufacturer will 
have their own ingredients they ad in the incense stick manufacturing process. Some manufacturers 
may also use resins or other ingredients to create their blend and lime the stick [13-15]. 


6 DISCUSSION 


Environmental Sustainability: Recycling of waste flowers for incense production helps manage 
organic waste in a sustainable way. Instead of letting the used flowers be disposed of in the landfills, 
where they continue damaging the ecosystem through pollution and greenhouse gases emission, 
waste flowers are put into a value chain. The practice is in line with the circular economy model, 
where waste is managed minimally to promote efficient use of resources. Recycling of the waste 
flowers to make incense sticks will also reduce the environmental impact of incense manufacturing. 
Incense manufacturing currently relies on raw materials such as sandalwood, which is associated 
with biodiversity loss and habitat destruction due to deforestation. The recycling program also 
reduces the need for more raw materials, preserving the biodiversity. Incense is a product with 
strong cultural and religious roots. It is a symbol of passage, sainthood, purity, and devotion and is 
used in different occasions and ritual events all over the world. Recycling of the waste flowers to be 
used in the manufacture of incense affects cultural and religious practices positively. The use of 
waste flowers for incense making will also preserve traditional cultural practices, which keep arti- 
sanal skills alive. The ancient knowledge and practices will be passed down from one generation to 
another, preserving our heritage. Recycling of waste flowers into incense manufacturing is an eco- 
nomic opportunity. It is a business opportunity creating job opportunities and economic empow- 
erment for the local community. It is a strain of value addition on products that wouldn’t fetch a 
penny. Recycling of waste flowers may be limited by a range of challenges, including the sourcing of 
flowers, incense quality, and fragrance. These challenges can be addressed by installing new pro- 
grams, partnerships, and incentives to stimulate the program’s implementation. 


7 RESULTS 


The following are the potential benefits, impacts and outcomes of recycling waste and used flowers 
for dhoopbatti and agarbatti making: The overall outcomes of the approach will be far-reaching 
and diverse ranging from environmental implications to social, and economic outcomes. Primarily, 
it will have an impact on reduction of the environmental damage: Waste reduction: recycling of 
flowers reduces the amount of flowers that end up in disposed from where most of them eventually 
damage the environment. Resource conservation: it reduces the amount of flowers harvested that 
sustains the immigrants in the environment. Carbon footprint: in comparison to the regular factories 
manufacturing incense, recycling of flowers to make incense will reduce the carbon footprints as less 
energy will be used in manufacturing them and less travelling to the production site. It social and 
cultural implications: Traditional or religious values “pleasing god”- recycling will restore Indians 
cultural beliefs regarding how gods are made happy. Empowerment: Commercial incense creation is 
an art that can generate income for the artist. The normal artist is paid after every three months. 
Economic benefits: Generation of income; since the incense will be sale to the community from 
revenue will be realized from the sales value. Access to a larger market; since recycling is seen to be 
environment friendly from neglected inputs a larger market is in place. Value addition; the products 
demanded will be of higher value with additional importance. Community outreach: Education: 
recycling will be included in the teaching program and the people will be educated. Collaboration: it 
has been included in the government program of effective waste disposal. 


8 CONCLUSION 


To conclude, recycling waste flowers and used flowers to manufacture dhoopbatti and agarbatti 
present a comprehensive solution for the long-term benefit of environmental sustainability, 
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cultural respect and preservation, and economic development. This new practice has multiple 
advantages and represents a pertinent solution to several current issues: in terms of environmental 
sustainability, reusing waste flowers massively reduces the amount of trash that reaches landfills, 
thereby lessening environmental decomposition. It also saves natural resources, lowers carbon 
emissions, and fosters a circular economy or one in which waste is converted into useful goods. 
Regarding cultural respect, recycling waste flowers for making incense allows people to honor 
incense and show respect to its cultural and religious significance. Likewise, reusing waste flowers 
keeps traditional knowledge and expertise alive for communities. Ultimately, recycling waste 
flowers and used flowers for incense-making aids economic development in the long term. Petal 
production and distribution create jobs for artisans, entrepreneurs, and communities, and it will 
eventually produce profit and expand the reach of these ventures, thereby fostering economic 
growth. Recycling waste flowers and used flowers for incense-making increases community 
engagement. Practicing raises awareness of responsible waste management shows collaborations 
between governments, non-profit organizations, and grassroots movements. Ultimately, recycling 
waste flowers, dhoopbatti, and agarbatti manufacturing offer many educational opportunities and 
demonstrate the benefits of innovative, creative, and dynamic solutions to address present-day 
environmental problems that also address social and cultural concerns. 
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ABSTRACT: This study critically examines the efficacy of rental hardware in advancing 
the principles of a circular economy to mitigate resource depletion and environmental harm. 
Employing a comprehensive approach that integrates data analysis, design strategies, and 
evaluation methodologies, the research highlights the potential to optimize the capital layer 
utilization of goods and extend product life cycles. The outcomes showcase the substantial 
environmental and economic impact, underscoring the potential of circular practices. 
Through a compelling argument, this research advocates for widespread adoption of rental 
systems, shedding light on their transformative role in altering consumer behavior and 
market dynamics. Rental frameworks emerge as a viable alternative to conventional models 
by fostering product reuse and encouraging collaborative consumption. The study’s findings 
contribute to the ongoing discourse surrounding the circular economy, providing insights 
and recommendations for industries and policymakers alike. In essence, the research 
emphasizes the importance of innovative solutions in achieving economic development goals 
and nurturing a resilient global economy. By delving into the intricate relationship between 
rental systems and circular economy principles, this study not only underscores their sig- 
nificance but also positions them as instrumental tools in steering societies towards sus- 
tainable practices and fostering a more robust economic landscape. 


Keywords: Circular economy, Rental systems, Resource utilization, Sustainable practices 


1 INTRODUCTION 


In an era characterized by heightened awareness of environmental sustainability, the tradi- 
tional linear models of production and consumption have come under scrutiny. As the 
imperative for responsible resource management becomes more evident, the concept of a 
circular economy has emerged as a transformative paradigm. This paper explores the 
innovative project “Revolving Prosperity,” which seeks to implement a circular economy 
approach through a web application designed to facilitate the seamless sharing of products 
within a community. The essence of the revolving prosperity model lies in redefining tradi- 
tional notions of ownership. Rather than adhering to the conventional “take, make, dispose” 
framework, this project envisions a community-driven sharing economy where products are 
circulated and shared among individuals. The development of a user-friendly web applica- 
tion serves as a pivotal tool to operationalize this vision, providing a platform for users to 
engage in collaborative consumption. 

Amidst growing concerns about ecological footprints that enable the new conventional 
consumption patterns, which begin the seed of hope for future generations to attain “pros- 
perity” to save the environment by using the chain of tangible products, At its core, 
Revolving Prosperity seeks to address the environmental challenges posed by excessive waste 
and resource depletion. By fostering a culture of sharing and reusing, the initiative aims to 
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reduce the demand for new products, ultimately mitigating the environmental impact asso- 
ciated with manufacturing and disposal. It also makes people aware that the products need 
to be reused rather than disposed of. Also, the people would gain knowledge of reusing, 
recycling, and recycling the products, which would give them eventual financial support as 
their income. It is one of the kinds that makes people want to be employed or invest in their 
products to earn from them. The web application becomes the conduit for creating a 
dynamic ecosystem where users can easily access and utilize a diverse array of products, 
thereby promoting a more sustainable lifestyle. 


2 OBJECTIVE 


To realize “Revolving Prosperity,” we have developed a hybrid deep learning-reinforcement 
learning model that is aimed at improving decision-making in product rental systems. Our 
main focus has been the development of an adaptive agent that can learn how to choose 
optimal strategies by interacting with elements in the environment where it operates. For 
effective modelling, we came up with a novel feature representation for the sharing economy 
ecosystem, which facilitates intricate analysis of intricate patterns within it. We also design a 
reward system that promotes circular economy ideals through encouraging short-term 
financial gains and long-term sustainability as its balance point, towards which it directs 
adaptive learning This occurs through autonomous learning mechanisms and processes as 
the model iteratively refines its decision-making strategies by adapting to distinct product- 
sharing dynamics and user behaviors while at the same time encouraging sustainability. 

To assess the impact of the model on circular consumption and compare it with tradi- 
tional consumption patterns, we carried out a series of extensive experiments relying on 
baseline methods. By learning decision policies, we can obtain some hints about adaptive 
strategies for sustainable resource utilization and enhance our comprehension of responsible 
resource management as well. Testing robustness in different testing scenarios shows that the 
models are applicable in product-sharing systems that promote sustainability. 


3 LITERATURE REVIEW 


According to the paper “Conceptualizing the Circular Economy,” Julian Kirchherr, Denise 
Reike, and Marko Hekkert [3] delves into the circular economy, providing deep explanations 
and interpretations of its concepts and its explanations, which are portrayed as reducing, 
reusing, and recycling the activities. After the transformations of the products with desirable 
uses, the transformations of the products through models or methods should be emphasized. 
It identifies the gap between the sustainable usage goals and the circular economy; it 
emphasizes the importance of economic prosperity and environmental quality. It highlights 
the usage of the business models to attain the circular economy to build and achieve the 
scope of the company through the consumer’s expectations and desires. 

As acclaimed by Yiğit Kazancoglu [2], “A new holistic conceptual framework for green 
supply chain management performance assessment based on circular economy“ presents a total 
conceptual framework for evaluating green supply chain management (GSCM) performance in 
the context of circular economy. GSCM is viewed as important for resource efficiency and 
environmental stewardship throughout the supply chain. Nonetheless, some research has been 
focusing on GSCM performance indicators discretely without an integrated approach. 
Consequently, it seeks to build a comprehensive model that combines environmental, eco- 
nomic, logistics, operational, organizational, and marketing performance indicators. This sug- 
gested framework contains three dimensions: the main criteria, sub-criteria, and specific 
measures for evaluating GSCM’s performance. By integrating all these diverse dimensions, the 
framework will enable effective implementation and monitoring of GSCM practices. 
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4 METHODOLOGY 


The web application deployment in the framework of a circular economy to enhance product 
sustainability is a multidimensional project that requires strategic planning. The adoption of 
Agile Scrum methodology for development offers an innovative approach that has defined 
structure and thus encourages adaptability and cooperation. Its iterative nature makes it an 
adequate tool for sustainable development projects as it makes room for improvement at 
every stage as well as accepting new changes. By dividing the development process into easily 
manageable iterations, which focus on different aspects such as authentication, product 
listing, payment gateway and subscriptions, Agile Scrum ensures continuous progress that 
can be adapted to user needs in line with market trends. 

Regular feedback and communication is a must in the agile scrum method to articulate 
project goals with the principles of circular economy. The iterative techniques of Agile 
Scrum enable the development team to be responsive to user feedback, changes in the 
market, and requirements for sustainability which will result in web application that sup- 
ports circularity. Team members can synchronize their efforts during daily scrum meetings 
as well as identify possible obstacles or prioritize tasks. Sprint backlogs are dynamic storages 
while product backlogs are a way of organizing and managing development tasks that 
facilitate smooth operation and increased productivity level. 

Besides, the Agile Scrum’s modular structure matches with the circular economy which is 
mainly focused on optimal usage of resources and reduction in wastage. The team breaks 
down development process into small chunks for implementing features having one step at a 
time sustainable product practice. This not only ensures that the web application meets 
immediate needs of users but also lays a foundation for future improvements and iterations 
that support other goals related to circular economy. 

The decision to use Agile Scrum as the methodology to develop a web application that 
would achieve product sustainability goals in the context of circular economy is strategic 
because it underscores adaptability, collaboration and continuous improvement aspects of 
this project. The complexities of creating such sustainable platforms are navigable by 
applying Agile principles, which also help to be responsive towards changing demands from 
an unpredictable market. As such, it transforms this web application into a very flexible tool 
used in promoting circular practices that enhance long term environmental benefits. 

The rental application uses an architectural flow that enables different parts to interact 
seamlessly, thus giving users a friendly interface while handling requests and responses effi- 
ciently. This web-based application, hosted on a server is the main interaction point between 
users and the system. Firebase serves as the data storage option because it has high speed 
performance, reliability in terms of usage over time and ease of maintenance. 

Users’ authentication is managed by Firebase Cloud where user IDs are checked against 
creation IDs during account creation ensuring secure access to the platform. Upon suc- 
cessfully authenticating a user will be redirected to his/her dashboard page which holds 
comprehensive information about past activities. Additionally, actions such as browsing 
product pages, registering products for lending and search functionality are facilitated by the 
web application. 

Firebase handles data retrieval and storage where different formats of data are used for 
storing various types of information. Value-based data is stored in the Firestore database 
while text- or image-based data is stored in Firebase storage so as to cater for different types 
of data that users need. 

In managing the selections of products and functionality of carts, queue storage is 
important. Adding products to their carts by consumers are implemented with each having 
unique cart instances in the queue storage. Products line up for queues, making checkout 
more effective and facilitating future interactions with some selected products. 

For security and usability purposes, third party payment integration enhances these 
transactions. Such transactions go through third-party payment processors safely allowing 
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for insurance policies and additional benefits to customers as well as products. The Firestore 
database stores transaction-based data protecting value-based data securely. 

The architectural flow of the rental application emphasizes user experience, data security and 
scalability using Firebase, and integrating with external applications creating robust and efficient 
platforms that will enhance sustainable practices in product lending within circular economies. 
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Figure 1. Architectural flow diagram. 


5 CONCLUSION 


The research presented assesses the effectiveness of rental hardware in advancing circular 
economy principles with reference to the “Revolving Prosperity” project. The study combines 
data analysis, design strategies, and evaluation methods to show how rental systems can 
enhance capital utilization, prolong product life cycles, and minimize environmental degra- 
dation. The objectives set forth by the study include building a hybrid model for optimizing the 
circular economy, enhancing representation of product states, designing optimal reward 
structures, encouraging autonomous learning about sustainable practices, comparing against 
baseline methods, assessing decision policies, showing that it works in different situations, 
investigating real-life implications, and contributing to circular economy decision-making lit- 
erature. The literature review focuses on seminal papers like Julian Kirchherr’s concept of 
circular economy and Yiit Kazangolu’s green supply chain performance assessment frame- 
work in the context of circular economy. These contributions position this research within the 
wider field of sustainable resource management and circular economy optimization. This 
study methodologically adopts the Agile Scrum approach in project implementation, where it 
uses its iterative nature to accommodate changing requirements as well as enhance colla- 
boration. The methodology is either conducive to the project’s sustainability goals, fosters 
adaptability, or is responsive to emerging user needs. To achieve this, the rental application 
architecture has been carefully designed for optimization, scalability, and ease of use by users. 
To enable seamless interactions between users and products, Firebase is employed for both 
data storage and authentication, with excellent features like product registration forms, search 
engines, and queue storage for streamlined transactions with users. The “Revolving 
Prosperity” project therefore represents a shift towards sustainable consumption practices 
through rental systems. It also aims at promoting product reuse, reducing waste, and enhan- 
cing community engagement that fosters sustainable societies. The results from this study have 
far-reaching implications for industries, policy-making circles, and academicians, thus stres- 
sing how circular economy principles can transform our future into a more sustainable one for 
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generations to come. In conclusion, it represents the “revolving prosperity” of the usability 
through the rental applications, with the advancing principles made to increase the reusability 
of the components and also improve the sustainability of the environment by using the least 
amount of product production. 
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ABSTRACT: This research proposes a data science-driven approach to speed up the 
selection of student housing near Lovely Professional University (LPU), an Indian uni- 
versity. We compare the prices of off-campus dorms, independent homes, and guest houses 
that need payment. Unlike standard applications, our paradigm is customized for each 
learner. The algorithm assesses and recommends the best option based on factors like 
amenities, location, and cost using data science techniques. We close the gap in student- 
focused housing options and demonstrate feasibility with publicly available statistics and 
industry expert validation. By giving students reliable pricing comparisons, this study facil- 
itates their housing search and makes it easy for them to make an informed decision. 


Keywords: Student Accommodation, Price Comparison, LPU, Data Science, Decision Support 


1 INTRODUCTION 


Starting your studies at a new university in India, like Lovely Professional University (LPU). 
The thrill of beginning a new chapter is undoubtedly tempered with a tiny bit of anxiety. One 
of the most important things for any student in this situation is to choose the perfect area to 
live. Navigating the confusing array of options, which includes PG houses, independent 
residences, and on-campus hostels, can be challenging. When choosing, factors like your 
budget, the ideal location for your needs, and the essential amenities each option offers all 
come into play. While valuable for the normal population, current house-hunting programs 
typically fail to account for student’s specific needs and limits. These platforms may not 
consider the unique financial constraints that come with being a student or the need to be 
close to specific university facilities. What was the result? Students feel confused and over- 
whelmed, unsure of where to get reliable counsel and information. This research project aims 
to fill this need by developing a student-centric system that streamlines the accommodation 
search process for students near LPU. We propose a groundbreaking strategy that fully 
realizes the potential of data science. Consider a user-friendly application that streamlines 
the process of finding a place to live. Simply enter your budget and preferred area, and the 
system will scan a large database of hostels, PG facilities, and private homes. This infor- 
mation, when properly collected and processed using modern data science approaches, 
would provide a comprehensive picture of available housing options. However, the system 
does not stop there. It goes one step further by considering critical criteria such as the 
amenities offered by each option, tailoring the results to your individual needs. Imagine 
getting a personalized recommendation that is a perfect fit for your priorities and budget. 
This study tackles the current shortage of student focused housing choices near LPU. Our 
proposed strategy empowers students by offering realistic price comparisons and useful 
decision-making advice. No more wasting hours digging through irrelevant information! 
This leads in a less stressful housing search experience, allowing students to focus on what is 
most important: adjusting to their new academic environment and excelling in their 
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academics. Our use of publicly available data for model training, as well as our collaboration 
with industry professionals for model validation, strengthen the project’s viability. This 
research has the potential to create a valuable tool that not only streamlines the student 
housing search but also gives them the knowledge they need to make informed decisions 
about their living arrangements, resulting in a more successful and fulfilling university 
experience. 


2 LITERATURE REVIEW 


Data science is becoming more essential in many areas of higher education. This review 
looks at current studies that demonstrate this tendency, with a particular emphasis on the 
application of data science and machine learning (ML) approaches in student housing and 
success. These studies provide valuable context and motivation for our proposed research 
project, which aims to develop a data science powered system for evaluating student 
accommodation prices near Lovely Professional University (LPU) in India. Jingrui He 
et al.‘s (2019) paper “A Recommendation System for Selecting On-Campus Student 
Housing” [1] addresses an important issue. This study focuses at a recommendation system 
designed specifically for on-campus student housing selection. Using historical data on stu- 
dent preferences and housing assignments, the authors develop a method that predicts stu- 
dent satisfaction with various housing options [2] Similar to our intended project, this study 
stresses data science’s power to personalize student experiences [3]. Their findings demon- 
strate the effectiveness of data-driven strategies in assisting students with key decisions 
impacting their educational environment Prepare Your Paper Before Styling While not 
directly related to housing, Wenjing Yang et al.’s (2020) paper “A Machine Learning 
Approach to Predicting Student Retention in Online Courses” [4] exemplifies the application 
of machine learning in a student-centered setting 3 This study focuses on online courses and 
uses machine learning techniques to assess student dropout probabilities. The underlying 
premise is essential to our study since it exhibits data science’s ability to generate solutions 
that have a direct impact on student achievement. Student housing is critical for both overall 
well-being and academic success. Our research, like Yang et al.‘s, aims to improve the aca- 
demic experience by expediting the home search process and ensuring that students find 
suitable options Jing Zhang et al. (2018) use a different but complementary technique in their 
paper “A Location Recommendation System for Students Based on Social Network 
Analysis” [5] This study employs social network analysis to look into student placement 
recommendations. The authors use student social interactions to provide potential off- 
campus housing options based on social networks This is consistent with our project’s pur- 
pose of assisting students in finding suitable accommodations [6]. While we concentrate on 
price comparisons and data science approaches, Zhang et al.’s study highlights the possibility 
of employing social networks to improve student housing recommendations [7]. It paves the 
way for future studies, such as combining social network data into our system to better 
customize suggestions Finally, Amlan Chakravarty et al. (2019) [8] analyze the power of 
machine learning in analyzing student performance in their study “A Framework for 
Analyzing Student Performance Using Machine Learning Techniques” [9] The authors 
study how machine learning might identify factors that influence student performance and 
predict student outcomes [10]. While not directly related to housing, this study emphasizes 
the importance of data analytics in building student-centric solutions. Similar to our efforts, 
Chakravarty et al.‘s study shows the growing trend of employing data science to improve 
several aspects of student life [11]. It validates the feasibility and potential impact of our 
proposed research project These selected papers offer valuable insights for our research [12]. 
They highlight the effectiveness of data science and machine learning in creating student- 
centered solutions. While existing research focuses on issues such as on-campus housing 
selection, student retention, and location suggestions [13],there is a scarcity of student- 
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focused housing price comparisons near institutions. Our proposed solution aims to over- 
come this gap by leveraging data science techniques to provide students with accurate price 
comparisons and decision-making aids during their housing search [15]. 


3 METHODOLOGY 


This section discusses the methodological approach we took to develop our data science- 
powered solution for comparing student housing prices near Lovely Professional University 
(LPU). We will look at the specific tactics used for data collection, preprocessing, model 
selection, training, and evaluation. 


3.1 Data collection 


Our study took a multifaceted approach to gathering full data on student housing options 
around LPU. Recognizing the value of firsthand experience, we solicited feedback from local 
kids. We intended to collect data on average expenditure based on various lifestyle choices (e.g., 
single occupancy, shared housing, self-catering vs. meals included) by surveys or interviews 
(depending on the method employed). This student-centric data provides important insights into 
real-world housing costs. Furthermore, we saw the potential of social media platforms like 
Instagram. We wanted to gather more options and pricing information by scraping data from 
relevant Instagram pages offering student housing (while complying to ethical data collection 
norms) [14]. This technique gave us access to a continuous stream of data that reflected current 
market developments. Finally, to enhance the information gathered from students and social 
media, we contacted local real estate brokers. Collaborating with these industry specialists 
provided us with thorough information on numerous housing possibilities, including hostels, 
paying guest facilities, and independent houses, as well as rental rates. This relationship guar- 
antees that our system offers a diverse selection of housing options shown in 137.1 


location size total sqft bath price bhk price per sqft 


Figure 1. Data collection. 


3.2 Data preprocessing 


Data was pre-processed using the Python programming language after being collected from 
a variety of sources. This key phase requires discovering and eliminating duplicate entries 
from the dataset. Duplicate data may result in inaccurate model training and misleading 
outcomes. We ensured our data’s quality and consistency by using Python libraries designed 
expressly for data cleansing. For data visualization, we used the well-known Python tool 
Matplotlib. This versatile tool allowed us to create fascinating data visualizations, such as 
scatter plots or bar charts, to study trends and linkages. These visualizations not only helped 
data exploration and comprehension, but they also served as useful tools for understanding 
the key metrics within our project helping us make better decisions. C. Model Selection and 
Training Model selection and training were carried out using the popular machine learning 
frameworks PyTorch and TensorFlow. The usage of these frameworks allows for greater 
flexibility and the exploration of various machine learning algorithms suitable for price 
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prediction jobs. Here, we look at specific strategies examined for model selection based on 
the nature of our data and the desired outcome. 


3.3 Website and its functionality 


This section discusses the design and functioning of the accompanying website, which serves 
as a user interface for the data science-powered student housing pricing comparison system 
near Lovely Professional University. The website’s content is structured and defined using 
Hypertext Markup Language (HTML). Cascading Style Sheets (CSS) are used to visually 
style the website, resulting in a user-friendly, responsive design that adapts to various screen 
sizes. JavaScript is vital for creating interactive and dynamic content. The homepage is the 
primary landing page, welcoming visitors with a clear value proposition. It highlights the 
website’s potential to simplify the student housing search process near LPU. This part 
focuses on price comparison, budget selection, research into various housing options, and 
projected cost breakdown. The website’s main features provide a streamlined user experience 
for seeking appropriate student accommodation. Users can specify a budget, and select a 
preferred location from The website’s main features provide a streamlined user experience 
for seeking appropriate student accommodation. Users can specify a budget, select a pre- 
ferred location from an interactive map or dropdown menu, use checkboxes to filter options 
based on desired amenities, and view real-time pricing comparisons and projected cost 
breakdowns for each option, offering transparency beyond base rent. Shown in Figure 2 


Figure 2. Website and its functionality. 
4 ESTIMATED RESULTS 


This data science-driven approach to student housing selection near LPU is expected to 
improve search speed and student decision-making dramatically. Here’s a breakdown of 
some key estimated results: 

Metric 1: Search time reduction. Estimated 50% reduction in average time spent looking 
for a place to stay for students. Justification: By gathering data from many sources, filtering 
based on preferences, and recommending the best options, the platform enhances the search 
experience over human scanning of individual listings. Metric 2: Higher user satisfaction. 
Estimation: 80% of consumers are pleased with the proposed housing solutions. 
Justification: The personalized technique, which considers individual student needs (ame- 
nities, location, and cost), is expected to yield a high satisfaction rate. User comments during 
the development and testing stages can help to improve this estimate. Metric 3: Pricing 
Transparency Estimate: Achieve a +/-5% accuracy range for the displayed pricing data. 
Shown in Figure 3. 


Figure 3. Estimated results. 
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Justification: Using data from reliable sources such as rental listings and property man- 
agement companies will lead to more accurate pricing estimates. If possible, real-time data 
integration can help to improve accuracy even further. 
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ABSTRACT: This study examines the expanding importance of User-generated material in the 
travel and tourism industry, particularly through the lens of sentiment analysis. User-generated 
material, encompassing travel blogs, social media messages, and online reviews, plays a funda- 
mental role in influencing tourist decisions. The study emphasizes the necessity for sophisticated 
analytical tools to manage the increasing volume of User-generated material, focusing on auto- 
matic sentiment analysis methods. It delineates several approaches to sentiment analysis, includ- 
ing supervised and unsupervised machine learning, dictionary-based methods, and semantic 
approaches, each suited for extracting nuanced information from User-generated material. The 
paper categorizes these methods into four primary types, discussing their application within the 
hospitality and tourism domains. By harnessing these approaches, stakeholders can better 
understand customer sentiments, enhancing service delivery and tourist satisfaction. The research 
highlights how these technological advances contribute to the strategic development of smart 
tourism ecosystems. 
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1 INTRODUCTION 


1.1 User-generated material on the internet 


User-generated material, consisting of content created by individuals on the internet, including 
product reviews, blogs, and social media posts, is increasingly becoming a significant portion of the 
content available online [1-3]. Currently, user-generated content has gained more importance and 
represents a comprehensible part of the entire content and messages posted on the internet. In the 
tourism sector, user-generated content consists of various types of blogs associated with travels and 
statements shared on the web sites for networking such as Instagram, X, and various other sites that 
post reviews and feedbacks. Especially in the tourism sector, social media has become more pro- 
minent and is progressively significantly influencing customers’ decision-making processes [4]. 
Tourists actively use social networks and review websites to express their thoughts on the tourism 
goods offered after their consumption. They also use social media to simultaneously inform about a 
certain tourist topic offered and evaluate its appropriateness before making a direct purchase. 

User-generated material has a significant effect on travelers’ creating choices process, especially 
product reviews. According to the statistics, 90% of travelers read comments from fellow con- 
sumers during their trip planning, 87% report being affected by reviews when choosing a hotel, 
and 70% find online recommendations trustworthy [5]. Consumers believe that UGC is more up- 
to-date, interesting, and superior to content provided by establishments where travelers received 
service. Not only does it serve as a resource for travelers, but it also allows the service providers of 
tourism to understand what their clients believe about their services and products [6]. 
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On the other hand, product reviews specifically provide hard and unbiased consumer data 
which evaluates the product quality and the target connection between product and certain con- 
sumer categories. Such data is in trend to improve product and customer relationships. UGC 
analysis requires identifying whether the users express positive and negative opinions regarding 
the specific tourism services or topics. Platforms users are presented with only basic demographic 
and travel motivation details in a structured form. However, extracting the opinions and topics 
from the free-text customer reviews takes more of an effort [7]. 

Due to the significant rise in the amount of customer reviews, manually analyzing them is no 
longer feasible. As a result, there is an increasing demand for automated techniques like sentiment 
analysis or opinion mining to derive insights from these free-text customer reviews. These tech- 
niques typically utilize statistical or machine learning methods to automatically extract customer 
feedback, ascertain the subject of the feedback (topic detection), and determine the sentiment that 
exists [1]. 


2 TRAVEL’S EMOTIONS ANALYSIS METHODS 


User-generated material, especially individual response in format it has no text, is rapidly expanding 
online. As a result, techniques for evaluating such content are referred to as feeling analysis, are 
gaining more interest from both researchers and professionals. The main tasks of sentiment analysis 
are split into two critical areas: topic detection and sentiment detection [8]. 


2.1 Feeling and subject identification 


Subject Identification is aimed at pinpointing the specific subject or opinion of a given object that 
the user is commenting on. An instance of the same would be in the context of a touristic site 
review, common topics might include the site or monument itself (like its size or features), 
cleanliness, and accessibility, maintenance etc. On the other hand, detection of feelings attempts to 
determine the reactions of emotion. This process involves assessing whether the feedback which is 
given by the reviewer consists of a more favorable review, unfavorable review or an indifferent 
review. Sentiment detection which is a growing method has the potential to be utilized to an entire 
user review, to individual sentences within a review, or to specific topics that have been identified 
in an initial topic detection phase. 


2.2 Classification 


Reflecting on the discussions above, we have adapted the classification suggested by [9] and 
organized sentiment analysis techniques into: controlled computational learning, untrained 
computational learning, dictionary-based, and linguistic approaches. This classification provides 
a framework for a succinct overview of previous sentiment assessment studies, particularly in the 
travel, tourism, hospitality, as well as service sectors. This classification serves as a structure for a 
brief review of past research in sentiment analysis specifically within the travel, vacation industry, 
hospitality, in addition service industry. 


3 KEY APPROACHES 


3.1 Controlled computational learning 


Controlled computational learning methods for sentiment analysis involve training algorithms on 
annotated datasets to categorize text into sentiments like favorable, unfavorable, or indifferent. 
This process generally starts with gathering data from various sources such as social media, 
reviews, or surveys, followed by preprocessing tasks such as tokenization and feature extraction. 
The extent to which these methods can be successful largely depends on the quality of labeled 
data, the robustness of feature representation, and selecting the right algorithm for the specific 
sentiment analysis task [10]. 
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In the context of smart tourism, controlled computational learning supervised for emotion 
analysis are applied to categorize text from travel-related data, like reviews, posts, blog articles. 
These models are adept at accurately determining the sentiments expressed towards various 
aspects of tourism like destinations, attractions, accommodations, and experiences. By employing 
procedures such as Naive Bayes, sophisticated deep learning models like recurrent neural net- 
works or transformers, these methods effectively discern complex sentiments in tourism content. 
Through thorough evaluation and ongoing refinement, supervised machine learning offers crucial 
insights into tourists’ opinions and preferences, thereby enabling businesses and destinations to 
improve their services and customize experiences to align with visitor expectations in smart 
tourism. 


3.2 Dictionary-based semantic analysis approach 


This method utilizes predefined lexicons or dictionaries that list words or phrases linked to specific 
sentiments, with sentiment scores assigned based on their semantic meanings. Sentiment analysis 
through this approach involves summing up the scores of words or phrases found within a text. 
Popular lexicons employed include AFINN, Sent WordNet, and VADER. Dictionary-based 
methods are appreciated for their simplicity and transparency, which make them straightforward 
to use and understand. However, they may encounter difficulties with nuances, sentiments 
dependent on context, and unfamiliar or sector-specific terminology. Despite these challenges, 
they serve as an effective baseline for sentiment analysis tasks and can enhance more complex 
machine learning techniques [11]. 

In the realm of smart tourism, dictionary-based semantic analysis utilizes specially designed lex- 
icons tailored to the unique language and sentiments of tourism. These dictionaries catalogue words 
and phrases typically associated with positive, negative, or neutral sentiments found in tourism-related 
texts like reviews, social media posts, and blogs. By calculating sentiment scores for these words and 
aggregating them, this method swiftly gauges the overall sentiment expressed towards various tourism 
elements such as destinations, attractions, accommodations, or experiences. While dictionary-based 
approaches are easy to implement and interpret, they may falter with context-specific sentiments, 
sarcasm, or linguistic variations across different cultures and regions. Nevertheless, they remain a 
valuable resource for tracking sentiment trends and extracting insights into tourists’ perceptions and 
experiences within smart tourism settings [12]. 


3.3 Untrained computational learning 


These semantic analysis approaches utilize unsupervised techniques to discern patterns and 
structures within text data without the need for labeled examples. Commonly employed methods 
include clustering, topic modeling, and word embeddings, each helping to unearth meaningful 
semantic representations. Clustering algorithms like K-means or hierarchical clustering group 
documents by semantic similarity, facilitating the discovery of prevalent themes or topics within a 
dataset. Unsupervised approaches provide crucial insights into the structure and meaning of text 
data, proving invaluable for tasks like document clustering, topic discovery, and estimating 
semantic similarity [13]. 

In the context of smart tourism, unsupervised machine learning techniques are essential for 
extracting hidden patterns, structures, and insights from the extensive amounts of unstructured data 
produced by tourists, such as social media posts, reviews, and blogs. By implementing methods like 
clustering, topic modeling, and word embeddings, these approaches uncover common themes, inter- 
ests, and sentiments expressed by tourists without the need for predefined labels. Clustering algorithms 
group similar destinations, attractions, or experiences based on semantic similarities, which helps 
identify trending preferences among tourists. Topic modeling reveals underlying topics and themes in 
tourist-generated content, offering insights into visitor interests and concerns. Word embeddings 
explore the semantic relationships among tourism-related terms, allowing for a more nuanced 
understanding of tourist sentiments and preferences. Unsupervised machine learning thus provides a 
robust tool for deriving actionable insights from unstructured tourist data, aiding businesses and 
destinations in customizing their services and enhancing the overall tourist experience [14]. 
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3.4 Linguistic approaches 


The linguistic approaches to understanding language focuses on the meaning behind words, phrases, 
and sentences rather than just their surface structure. It seeks to uncover the underlying concepts 
and relationships conveyed by language, employing techniques from linguistics, logic, and artificial 
intelligence. By analyzing the semantics of language, researchers aim to develop algorithms and 
models that can comprehend and generate human-like understanding of text, enabling applications 
such as natural language understanding, sentiment analysis, and machine translation. This 
approach plays a crucial role in advancing the capabilities of AI systems to interact with humans 
more effectively and intelligently [15]. 

In relation to intelligent travel, the semantic approach involves leveraging advanced techniques to 
analyze and understand the meaning of tourism-related information [16]. This approach utilizes 
semantic technologies, such as ontologies and knowledge graphs, to capture the relationships and 
semantics of tourism data, including destinations, attractions, activities, and user preferences. By 
applying semantic analysis to tourism data, smart tourism systems can provide personalized recom- 
mendations, context-aware information, and enhanced user experiences. This enables tourists to 
receive tailored suggestions based on their preferences and interests, leading to more satisfying and 
enjoyable travel experiences. Additionally, semantic technologies facilitate seamless integration and 
interoperability among various tourism-related services and platforms, contributing to the develop- 
ment of comprehensive and efficient smart tourism ecosystems. 


3.5 Hybrid approach 


In sentiment analysis, the hybrid approach merges various techniques and methodologies to 
enhance the accuracy and effectiveness of sentiment classification. This approach combines 
lexicon-based methods, which utilize predefined sentiment dictionaries, with machine learning 
algorithms that identify patterns and features from labeled data [17]. By integrating the strengths 
of both methods, hybrid sentiment analysis models are capable of capturing both explicit 
expressions of sentiment and nuanced contextual details, resulting in more precise and nuanced 
sentiment predictions. Moreover, these models may also integrate domain-specific knowledge or 
linguistic rules to further refine performance, making them versatile across different domains and 
languages. The hybrid approach provides a comprehensive and effective framework for sentiment 
analysis, offering greater accuracy and reliability in interpreting sentiments expressed in text data. 

In the context of smart tourism, the hybrid approach to sentiment analysis employs a mix of 
techniques to decode the opinions and emotions conveyed by tourists in online reviews, social media 
posts, and other textual content. This method blends lexicon-based approaches, which use dictionaries 
specifically tailored to the language of tourism, with machine learning algorithms trained on domain- 
specific data. Such integration allows hybrid models to accurately capture both explicit sentiments and 
subtle context-specific nuances in tourist feedback. Additionally, these models often incorporate 
domain-specific knowledge, including tourism-related terms and cultural nuances, to enhance accu- 
racy. By employing the hybrid approach, smart tourism systems are equipped to offer more insightful 
and personalized recommendations, facilitating better decision-making and improving overall travel 
experiences for tourists [18]. 


4 CONCLUSION 


The exploration of User-generated material in the travel sector underscores a critical evolution in 
how tourist behaviors are analyzed and understood. User-generated material influence on travel 
planning and decision-making is profound, with a significant percentage of tourists relying on 
online reviews and social media feedback before making travel commitments. This paper has 
systematically reviewed the methodologies employed in sentiment analysis, distinguishing 
between supervised and unsupervised machine learning, dictionary-based, and semantic approa- 
ches. Each method offers distinct advantages for handling the complexity and volume of data 
inherent in tourism-related User-generated material Supervised learning provides precision 
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through trained algorithms, while unsupervised methods excel in discovering latent patterns 
without prior labeling. Dictionary-based approaches offer simplicity and accessibility, whereas 
semantic methods delve deeper into the underlying meanings of texts. 
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ABSTRACT: Elderly individuals encounter a myriad of discomforts stemming from both 
their physical conditions and psychological states. Often confined within their homes, these 
individuals necessitate an intelligent system capable of monitoring and adapting to their living 
environment. This study delves into the integration of intelligent living assistance through the 
utilization of various technologies, notably a kinetic motion control system. By harnessing this 
system, the potential to enhance natural light exposure and adjust luminance based on the 
unique characteristics of the elderly is realized. Central to this investigation is the role of 
lighting amidst a complex interplay of environmental factors. This comprehensive approach 
aims to address not only the physiological aspects but also the mental well-being of the elderly, 
potentially mitigating stress and promoting a healthier lifestyle. Leveraging architectural ele- 
ments, the kinetic motion control system is strategically embedded to manage and optimize 
these vital functions within living spaces. The core concept materializes in the form of a 
meticulously designed platform, adaptable to diverse scenarios. At its heart lies the service 
provisioning manager, a pivotal component that disseminates critical information concerning 
environmental conditions, rules governing device operations, and sensor data. This orches- 
tration of resources ensures the efficient management of tailored services, underscoring the 
significance of the kinetic motion system in substantiating the platform’s efficacy. This system 
not only validates the platform’s capabilities but also facilitates dynamic interaction with the 
service provisioning manager, thereby enhancing overall system management. Ultimately, this 
research underscores the pivotal role of innovative technologies, particularly kinetic motion- 
controlled intelligent lighting systems, in uplifting the quality of life for the elderly. Through an 
amalgamation of architectural design, environmental sensitivity, and technological innova- 
tion, this approach paves the way for a more holistic and supportive living environment tai- 
lored to the unique needs of aging populations. 
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1 INTRODUCTION 


The home installation is needed to pattern the nature of degeneration and physical set up, 
compare and shaping purposes. It desires to allow lives greater unbiased [2]. Respond this 
crisis modelled on diverse health care, technologies and policies. Moving out of this 
healthcare paradigm to a new era treating diseases to help prevent and live healthy life [3]. 
That might also serve to cut important social costs. Architectural environment is provided 
and social fields are offered by various technologies [4]. The society is highly accelerating its 
growth and hereby the social cost are also considered with measurement and assistance of 
increasing old people. Moreover, the different technologies are modelled too to solve this 
crisis. Model six This model involves improving living environment of elder people by 
combining architectural factors and technologies that can help value significance of elder 
people in terms of living assistances [5]. The work given here is focusing mainly on those 
daylight side, which may prove number of advantages. Normal light cycle not so beneficial 
to elder people mental and physical factors as well it reduces healthy lifestyle and depression 
[6]. Therefore, it assists in monitoring independent and healthy life through a indoor envir- 
onment that improve the adjustment of illuminance on elders with poor health conditions. 
Managing natural light to kinetic fades (related to inside and outside of buildings) [7] The 
fade can be automatically adjusted even in real-time to environmental conditions which uses 
and enables automatic lighting control. Our work focuses on modelling a system that 
involves thinking, seasoning, talking and functional interaction to give out indoor illumi- 
nance. Sensing- Level II: It is viewed as a sensing factor, and comprises control and motor 
modules that investigate kinetic motion [8]. The components also obtain data from sensors 
and Wi-Fi for the verification of fagade commands. This might lie between the kinetic 
motion and user at one end, and because of an interface we can have a service provisioning 
based on rules defined as well as physical factors 


2 LITERATURE SURVEY 


This section will detail out the modern assistance system which supports in assisting elders. In 
this study, some research samples of smart homes are used here and some technological ser- 
vices and methods use over this study. All the above-mentioned factors are primarily asso- 
ciated with elder people and lighting conditions contain illumination as well [9]. Elderly 
people’s RH are also tracked and the related devices of this category are illustrated. This work 
clearly comes up with an object and service for this works [10]. For some elder people, it may 
be adding to examine the prevailing technological models and applications for (the) collection 
of technology and services (which model, application for system implementation). Future 
work can further explore the features of older adults and determinants affecting natural light 
by identifying proper value of illuminance target inordinately indoor fill environment. 
Background of residential technology for elder people in diverse architectural guidelines. This 
might include the component of universal design that harnesses Information technology 
through smart home technology. Elder people may face diverse variations including walking 
possibilities, physical variance like diseases, security and health care [11]. Lately, survey focus 
on elders might be independently based mostly upon AAL heritage knowledge about exactly 
the same selection of elder’s energetic medical solutions offered by hospitals which are pro- 
posed. This work of research is to carry out over intelligent support system and service pro- 
vided by life time independently within residential environment. Depending on the individual 
elder identified, a rather self-reliant senior may remain in the community without recourse to 
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others [12]. In this work they used sensors a kinetic move which create the automatic tech- 
nological system that helps to turn residential environment into superior pace of living life [13]. 
The heating element can be body status, characteristics of the object or environment etc. 
sensed through a sensing element: The elements may use knowledge to transform collected 
data into the contextual services. That could provide feedback on the physical elements and 
individual topics and automatically takes care of it [14]. Communication elements that bridge 
sensors, actuators and reasoning Lastly, mediated systems are intellectual interfaces provided 
by mediating systems, as well as humans and services (“Mediated system”, n.d.). For this 
definition is considered, it necessary that platform process collected data to knowledge [15], 
and offer service based on situations in reasoning engine. 


3 METHODOLOGY 


The architectural model for providing responsive function may change shape to identify 
environmental factors as in Figure 1. This kinetic motion elements of buildings where based 
on changes over environment like organism. This is based on motion envelope which may 
facilitate actuation of artificial intelligence, sensors, computer program and mechanical 
factors. There is no aesthetic influence that are expected with constant modification of ele- 
ments over the environment, however it may show energy consumption that may reduce 
optimal response with diverse changing factors like buildings. Shown in Figure 1. 


Activity 
Recognition 


Elderly Home 
monitoring 


Figure 1. Elder home monitoring system. 


Table 1. Standardization of elder move. 


Elder behavior in home Standardized method Proposed standard 
Living room General 30-40 75-100 

Recreation 150-200 200-300 

Working 400-600 300-500 

reading 400-600 300-500 
Bed room General 100-150 100-150 

Reading 400-600 750-1000 


Also, energy reduction use can work even: optimal reaction in varying environmental sur- 
roundings Making elder people more comfortable in real time is also possible. Responsive 
fades to later may differ according surrounding, user demand etc. Moves various devices 
dynamically in real-time on changing factors and modifies the indoor environment. “You can 
be thinking of skin fading. It’s grown lots.” — on tracking the fluctuations in building- 
environmental condition, too It is for this reason that a few functions can perceive outside 
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meets through multiple organs and protect it with the change in habitat. Possibly changing the 
optimization method of a particular environmental condition. The Shading system, there may 
shows influencing factors based on the natural light and user’s perspective on as well as their 
natural moves. thus, there exist adjustment techniques with other structures of the environ- 
mental factors dropout Devices are usually attached to the curtain for this purpose, which is 
depicted as kinetic motion of curtains in general. These panels have a kinetic movement that is 
projected onto indoor glasses from sorts of louvers or sunshades and this can address a variety 
of environmental factors. Shading system can also change with the closing and opening resi- 
lience like folding, pivoting, opening light novel effectively on this site ceiling knowledge for- 
mal introduction sash gate to refrigeration, press or cut etc. Physical movements of elders may 
create indoor environment to change at certain degree based on some external environmental 
factors like heat and cold, light, moisture content and sound etc. This reflect on senior people’s 
personal function abilities can also offer responsive fade by re-somatising as shown in Table 1. 


4 EMPRICAL RESULTS 


In this section, we present the numerical results of proposed model. The simulation is imple- 
mented in MATLAB environment. Note: The kinematic variables shown here may in fact 
reflect the kinetic motion that needs to be modified according to the natural conditions of 
senior people. Analysing it as very much modelled of how kinetic motion can be responsive— 
that is, to measure the elements surrounding them and where they place the materials. Here we 
standardize and optimize the light based on the kinetic moves simulation consideration with 
adjustments in lightening. Analysis with environmental values to determine target of shading 
panel Solution to It can be modelled with input(s) Meanwhile, this is the closed length of 
shading panel when opened completely. Do you provide it by illumination of indoor values? 
The present work may be achieved in proper illumination without use of any light system 
during different seasons. Table 2 and Table 3 shows the numeric numbers regarding kinetic 
moves and percentage of connected devices calculated over here. This is how the motion 
estimation of elderly people looked like with Iterations 1-4: Percentage of motion estimation is 
also performed to understand higher contributing factors. Shown in Figures 2(a) & 2(b). 


Table 2. Elements related to elderly assistance. 


Elements Percentage of devices connected 
Outside light 30% 
Window 60% 
Wall 45% 
Ceiling 15% 
Floor 15% 


Device connected Motion Estimation 
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Connectivity % 
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No. of devices Kinetic moves 


Figure 2(a). Connected devices. Figure 2(b). Kinetic move estimation. 


The connected devices and kinetic move estimation is represented. 
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Table 3. Kinetic moves. 


Kinetic moves Iteration 1 Iteration 2 Iteration 3 Iteration 4 


1 640 450 310 440 
2 635 410 270 390 
3 560 350 220 3139 
4 450 2139 210 285 
5 400 245 160 250 
6 375 180 125 190 
7 260 150 120 120 
8 175 75 75 105 
9 115 40 35 50 
10 25 10 10 20 


This section provides a detailed discussion and analysis of numerical results resulting from 
the developed model and simulation performed in the MATLAB prompt. Finally, in this 
section we will also explore the implications of our results and try to determine how sig- 
nificant a kinetic motion system is with respect to matching natural conditions and needs of 
elderly people. Conclusion: In the MATLAB environment, the simulation procedure 
demonstrated a complex interplay of kinetic behaviour and ambient conditions in the 
elderly. Its ability to respond to aspects of the surrounding environment and the performance 
on strategically placed materials showcased how it could offer adaptive abilities in altering 
motion. That is quite convenient in itself, but also applicable since it reflects the dynamic 
nature of our elderly’s needs and help improve their quality of life so that they can feel 
comfortable. The scope of analysis broadened to include the collaboration with kinetic 
movement and, eventually, pulled in an element for lighting optimization. The simulation 
not only focused on the behaviour of kinetic motion, but it also tackled how lighting ele- 
ments would interact with it. The research aims at providing a model for the synchronized 
motion lighting with the system which lets to see each aspect from their own perspective and 
finally define how these two features, kinetic motion and lighting sync create an integrated 
living environment immanent become elderly. The output of this study will be as follows: 
The double synchronization makes it possible to guarantee a suitable lighting for the senior 
inhabitants both in time and space. Thus, the artificial sources are not used as single lights, 
but only as aggregator dose. The results presented in Tables 2 and 3 provide the numerical 
representation between kinetic motion and the corresponding percentage of interconnected 
devices. These metrics yield a complete picture of how well the system responds to the 
requirements and needs of an elderly person. In addition, representing the motion estimation 
over different iterations (Iterations 1—4) provides a more detailed view on how the system 
alerts progress and shows dynamics or trends with respect to the postures and motions of 
elderly people in their living environment. Specifically, the evaluation of the percentage 
amount of motion estimate can help to understand which aspects have a command influ- 
encing role when it comes to kinetic motion system behaviour. The findings from this ana- 
lysis could be used to gain valuable insights into the motion triggers and drivers, which in 
turn, may lead an indication of what type of adjustments and enhancements can be made on 
its design and use. Summing up this section, the information presented attests to the 
importance of the proposed kinetic motion system for an effective living environment that 
can adapt and respond readily to elderly people. Combining kinetic motion and lighting 
optimization, this could completely change how elderly people experience living in their 
homes considering comfort, safety and independence across various seasons or situations. 
The results obtained from the simulation (quantitative) help as first reference, so that then in 
future research it is possible to study and refine advances that can attend technological 
solutions more suitable for the needs of growing aging populations. 
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5 CONCLUSION 


The latter is not an enormous issue, but can lead to global trends. Though there is a solution for 
age centric factors of support and treatment that described above for elderly significance, some 
diverse studies have been conducted. Finally, some of the prevailing factors include investigation 
and research using IoT over controlling and monitoring elder peoples in residential area. This 
research focused on the kinetic motion monitoring of elder people and helps them to ALONE. 
This will be focusing on elements of home that are related to appliances. which may have 
multiple components and enables service based on it. This is defined as the rules are simple and 
can be rewritten each time that a new component is implemented. It seems possible to extract 
service rules that can be disruptive semantically the data. Finally, we consider the kinetic motion 
over virtual environment and constructed based on gathered information from physical envir- 
onment and controlled by service rules. This might be useful for kinetic motion system. 
Classifiers can then be used to classify the required data which is connected with elderly people in 
future. With the evolution of technological innovation landscape, classifiers are essential for 
identifying relevant data and classifying it into different categories based on elderly demo- 
graphic. All this allows to provide a more precise and efficient intervention, thus increasing the 
goodwill of life for these people in their golden years. Overall, the direction in which this study is 
moving appears promising as it stands to bridge technological advancements and elderly care 
effectively changing the entire paradigm of support systems for seniors. 
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ABSTRACT: Protecting healthcare data privacy is paramount necessitating robust mea- 
sures and technologies these efforts must balance confidentiality security and the ability to 
extract insights from data however in healthcare machine learning maintaining collaboration 
by security put forth challenges overcoming this demands preventative measures against 
breaches and unauthorized access across systems this study focuses on preserving healthcare 
data privacy emphasizing safeguards to foster collaboration and surmount obstacles fully 
homomorphic encryption is proposed as a solution enhancing security confidentiality and 
computational efficiency this approach aims to secure sensitive health data while enabling 
collaboration in machine learning compared to existing systems it offers improved accuracy 
precision and comparable time complexity these advantages underscore its efficacy in 
maintaining security and confidentiality while optimizing performance. 


Keywords: Homomorphic Encryption, Secure Collaboration, Confidentiality Maintenance, 
Privacy 


1 INTRODUCTION 


The digitization of healthcare records has opened avenues for deep dive and application yet 
this shift also underscores the necessity of safeguarding sensitive health data this research 
delves into preserving privacy in distributed machine learning within healthcare emphasizing 
data security in decentralized systems challenges in modern healthcare revolve around con- 
fidentiality maintenance collaboration promotion and data breach prevention as the 
healthcare sector increasingly adopts distributed machine learning for insights ensuring 
secure collaboration among decentralized entities becomes paramount balancing data ana- 
lysis with stringent security and privacy standards is imperative this study aims to define 
these challenges by exploring encryption[1][3] as a solution it proposes a system that sur- 
passes current frameworks for healthcare data protection the integration of homomorphic 
encryption improves correctness precision and time complexity[7] potentially revolutionizing 
privacy preserving distributed machine learning in healthcare and setting new standards for 
security confidentiality and computational efficiency in decentralized systems[10]. 


2 RESEARCH METHODOLOGY 


2.1 Research area 


This study focuses on privacy in distributed machine learning within healthcare, aiming to 
define challenges in patient data confidentiality in decentralized systems. It explores main- 
taining fostering collaboration, confidentiality and preventing data breaches in modern 
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healthcare. Central to the argument is the use of homomorphic encryption to enhance 
security, protect confidentiality, and promote cooperation among parties managing health 
data. This research goal is to advance privacy-preserving distributed machine learning in 
healthcare, setting new standards for security, confidentiality, and computational efficiency 
in decentralized systems. 


3 LITERATURE REVIEW 


3.1 Privacy challenges in healthcare data 


The digitization of healthcare data offers huge analytical opportunities but also raises sig- 
nificant privacy and security challenges literature highlights the need for effective measures 
to protect sensitive health information emphasizing confidentiality breach prevention and 
privacy in decentralized healthcare systems. 


3.2 Distributed machine learning in healthcare 


In the healthcare industry adoption of distributed machine learning for data-driven insights, 
literature emphasizes the need for strong collaboration among decentralized entities. 
Tensions arise between deriving meaningful analysis from healthcare data and upholding 
stringent security and privacy requirements. Existing research explores the evolving 
dynamics at this intersection, highlighting challenges and opportunities. Advanced statistical 
techniques like homomorphic encryption are recognized as essential solutions to fortify 
security measures, maintain confidentiality, and facilitate efficient collaboration in health- 
care data management. 


3.3 Homomorphic encryption as a privacy-preserving solution 


Homomorphic encryption is pivotal in the literature review, addressing healthcare data 
privacy challenges. It’s recognized for achieving superior accuracy, enhanced precision, and 
efficient computational performance in distributed machine learning. These findings position 
it as a transformative solution for heightened security and confidentiality in healthcare. The 
literature review sets the stage for a comprehensive exploration of its potential to redefine 
standards in decentralized systems. 


4 ANALYSIS ON PRIVACY PRESERVING IN HEALTH CARE SYSTEM 


4.1 Issues in facilitating effective collaboration 


The system struggles with collaboration in decentralized healthcare machine learning, bal- 
ancing data insights and confidentiality. This challenge highlights the need for a framework 
that harmonizes analysis with robust security. 


4.2 Barriers in preventing unauthorized access 


Challenges arise in current systems regarding preventing unauthorized access and potential 
data breaches in decentralized nodes, threatening the security and privacy of healthcare data. 
Overcoming these obstacles is crucial for establishing a resilient healthcare data privacy 
infrastructure. This highlights the efficiency of the proposed system in enhancing con- 
fidentiality and security while maintaining computational performance in distributed 
machine learning for healthcare data privacy. 
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4.3 Architecture of the system 


This study introduces a novel system enhancing privacy-preserving [9] distributed machine 
learning in healthcare using innovative statistical regression. With the growing digitalization 
of healthcare, safeguarding sensitive data is crucial. The system utilizes homomorphic 
encryption, known for secure collaboration and confidentiality, as its foundation. 
Integrating statistical regression aims to optimize accuracy, precision, and computational 
efficiency, addressing current limitations and promoting effective collaboration while pre- 
venting unauthorized access across decentralized nodes. 


4.4 Elevated privacy and security measures 


The recommended device introduces homomorphic encryption, a sophisticated statistical 
approach, to enhance the renovation of privateness in allotted device getting to know within 
the healthcare domain. Recognized for its capability to facilitate steady collaboration, 
uphold the confidentiality of sensitive fitness facts, and thwart capacity records breaches, 
homomorphic encryption is pivotal in enhancing privateness and security features. This 
electricity ensures the safeguarding of affected person facts, keeping its included and exclu- 
sive nature, and correctly addressing vital challenges in healthcare statistics privacy. 


4.5 Enhanced accuracy and precision via statistical regression 


The incorporation of a statistical regression method in the proposed system signifies a 
noteworthy development. This augmentation is designed to elevate the accuracy, precision, 
and computational performance of the allotted gadget mastering manner [11]. Statistical 
regression techniques, characterized by using their analysis of relationships amongst vari- 
ables, contribute to greater unique predictions and insightful outcomes. This refinement is 
especially essential inside the healthcare area, wherein specific analyses can lead to improved 
diagnoses, remedy plans, and standard advancements in affected person care. 


5 METHODOLOGY 
The method secures decentralized healthcare data, emphasizing privacy through encryption 


and statistical methods for secure collaboration. It enhances accuracy and efficiency in dis- 
tributed machine learning, preventing unauthorized access and data leaks. 


Mentioned in Figure 1 


System Initialization | 


Generate Secret Key, Public Key 
and Evaluation Key 


Encryption | 


Evaluation 


Figure 1. Flow diagram of architecture. 
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The homomorphic encryption module leverages modern statistical methods to enhance 
security maintain confidentiality and prevent data breaches in distributed machine learning 
for healthcare by integrating an innovative statistical regression technique the architecture 
improves accuracy precision and computational efficiency overcoming existing collabora- 
tion barriers and unauthorized access enhanced privacy and security measures including 
homomorphic encryption protect patient data in distributed healthcare systems a robust 
access control and authorization layer prevents unauthorized access creating a resilient 
healthcare data privacy framework the system redefines benchmarks for security and effi- 
ciency in decentralized healthcare data management. 


5 RESULTS 


Distributed machine learning for healthcare privacy-preserving linear regression [6] is about 
the techniques that protect sensitive patient data while performing regression analysis across 
multiple distributed datasets. Presented below is an outline of how to implement a privacy- 
preserving algorithm using Homomorphic Encryption based on Polynomial Operations: 


Step 1: arrangement pick security boundaries and polynomial ring boundaries create irre- 
gular polynomial coefficients for keys. 

Step 2: key age utilize the uniform circulation over R2 and that implies sk will be a poly- 
nomial with coefficients being 0 or 1.For the public-key we first example a polynomial a 
consistently over Rq and a little mistake polynomial e from a discrete typical circulation over 
Rq. we then set the public key to be the tuple pk= ([-(a.sk +e)]q, a). 

Step 3: Encrypt polynomials using a specific mathematical structure. 

Step 4: Decode encrypted polynomials to reveal underlying data. 

Step 5: Perform homomorphic operations on ciphertext polynomials to manipulate data 
without decrypting it. 

Step 6: Accuracy and security guarantee homomorphic activities safeguard rightness guar- 
antee semantic security. 

Step 7: Applications use homomorphic encryption for security protecting calculation on 
encoded information. 

Step 8: Assessment and improvement examine productivity and execution streamline for 
improved proficiency including polynomial number juggling and commotion the board. 
Homomorphic encryption encompasses partially homomorphic and fully homomorphic 
encryption schemes partially homomorphic encryption supports either addition or multi- 
plication operations while fully homomorphic encryption [2] supports both addition and 
multiplication operation. 
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Figure 2. Encryption process. 


815 


6 CONCLUSION 


The paper underscores the critical importance of safeguarding healthcare data privacy in dis- 
tributed machine learning it addresses challenges such as confidentiality collaboration and data 
breaches proposing homomorphic encryption as a transformative solution this technique not 
only enhances privacy and security but also improves accuracy and precision while maintaining 
efficiency the proposed system integrates regression techniques collaboration mechanisms access 
controls and benchmarking setting new standards for privacy preservation overall it promises a 
significant advancement in handling sensitive health data in decentralized systems. 
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ABSTRACT: Inside the current digital age, in which records is continuously being stored 
and on-line verbal exchange is rife, encryption is a crucial privacy degree. It turns normal 
text into unintelligible code, known as ciphertext, that can most effective be accessed with a 
unique key. This machine guarantees that records can best be unlocked by means of 
authorized users through functioning similarly to locks and keys. 

There are several motives why encryption is vital. it really works to save you unwanted get 
entry to sensitive statistics, along with credit card numbers, scientific statistics, and personal 
communications. that is specifically important for organizations who’re obligated to abide 
by means of strict statistics privateness requirements and are entrusted with sensitive infor- 
mation. Encryption additionally serves as a robust protection in opposition to on-line 
threats. without the decryption key, encrypted data can’t be decrypted, even in the event that 
a device is compromised with the aid of hackers. Attackers‘ tries to steal or misuse touchy 
statistics are notably hindered through this. An effective defense in opposition to on line 
assaults is encryption. An critical barrier for hackers trying to steal or misuse facts is that, 
even if they manage to breach encrypted facts, the statistics cannot be decrypted without the 
key. With encryption, we can effortlessly cozy our digital existence. it’s far the cornerstone of 
cybersecurity, retaining harmony in a international where secure verbal exchange of records 
is critical. 


Keywords: Encryption, Ciphertext, private key, privacy, records privacy legal guidelines, 
Cyberattacks, Cybersecurity, Cloud, Cloud-based totally Encryption, Ransomware, AI, 
Crypto, DDOS, Captcha, Biometrics 


1 INTRODUCTION 


Encryption has confirmed to be a terrific customer protection tool. cutting-edge devices 
might also encrypt records with a unmarried click on, resulting in "unreadable encrypted 
text”. [1] To safeguard the privateness of emails, messages, and files, get admission to to this 
report is limited by a symbolic "key." The development of such technology’s blessings people 
and businesses alike by using making sure that sensitive information, such as credit card 
details and medical information, remains comfy. This adherence to statistics protection 
standards is vital for corporations [2]. Encryption serves as a mighty defense in opposition to 
cyber threats; although a hacker obtains encrypted records, it remains useless without the 
key, thereby thwarting theft and misuse.[3]. As person-friendly encryption technology will 
become greater widely available, a extra cozy digital destiny is feasible. there are numerous 
programmes on the market now which can be extensively appeared as records protection 
providers, like awl Crypt and field Cryptor. but, do clients recognize which gear to appoint, 
and can they depend on all encryption technologies to meet their safety desires? despite 
technological trends, many humans war to preserve up with cutting-edge safety features, 
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often overlooking different important components of safety. whilst many encryption pro- 
grams claim to protect giant amounts of facts, a big percent fall brief of this aim. enter 
LockifyX, a ground-breaking startup set to raise encryption information. LockifyX distin- 
guishes itself inside the constantly transferring cybersecurity landscape via providing effec- 
tive encryption answers which can be tailored to the demands of its consumers. This 
innovative startup meets the growing demand for effective records security by using 
emphasizing a consumer-centric design philosophy. LockifyX’s goal is to simplify encryption 
with the aid of developing straightforward solutions that join easily with modern-day sys- 
tems, as antagonistic to standard encryption software, that’s occasionally tough and desires 
specialized information. 

The LockifyX product suite gives a complete range of answers tailor-made to meet the 
security needs of both individuals and companies. Its functions encompass: 

four-Tier security machine: This app uniquely integrates a four-tier safety mechanism, 

encompassing Fingerprint, Facial recognition, Voice recognition, and Passwords/PINs. 

Cloud garage and security: users acquire 5GB of loose cloud garage and the app extends 
its protection to statistics stored on other cloud garage offerings. 

Subscription model: for extra cloud storage, customers can join pay for extra area. 

dual-Biometric get admission to for files/Folders: two relied on customers can 
concurrently 

authenticate to enhance protection for the identical document or folder. 

Password era feature: The app shows sturdy and strong passwords to users to beautify 
statistics safety. 

With person-pleasant and adaptable encryption solutions, LockifyX pursuits to establish 
itself as a leader in cybersecurity. The suite enables people and groups to efficaciously con- 
trol their information safety, fostering more secure surroundings for all. presently, there is a 
enormous perception among many agencies and people that maximum encryption tools fail 
to satisfy their safety needs. Titanium’s file on records Exfiltration & Extortion suggests that 
despite considerable investment in safety, 70% of organizations nevertheless turn out to be 
yielding to hackers‘ demands [4]. 


Current Data Protection Tools 
o 0 20 30 40 50 60 


We don’ 


Figure 1. Survey for encryption tools. 


2 ADVANTAGES OF LOCKIFYX OVER OTHER APPS 


The deliverance of LockifyX is about to alter how our customers deal with information 
interplay, turning the device into a cozy hub for facts imports. Its seamless encryption 
abilities decorate the protection of vital non-public facts. the arrival of relaxed, cloud-based 
encryption tools has revolutionized domestic interaction, permitting wiser and more flexible 
surroundings. [5] clever domestic devices can leverage this encrypted cloud protocol to speak 
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effectively throughout a extensive community even as safeguarding the privacy and security 
of the constructing’s facts.[5] This article evaluations the latest research on this region and 
highlights destiny potentialities similar to real-time information collection from sensors in 
clever homes, encryption gear can merge with cloud-environment sources. Encryption is 
achieved immediately, defensive sensitive records as it’s far uploaded to the cloud. 

Encryption technologies offer versatile and user-friendly options for information protec- 
tion. users may without a doubt customize their encryption necessities primarily based on 
their private wishes, making powerful encryption to be had to a extensive range of indivi- 
duals and companies. those encryption solutions are also well matched with cloud offerings, 
allowing for actual-time records processing. facts are encrypted throughout transmission to 
defend it even as it’s far transferred to the cloud.[6] 

Cloud-based encryption is a versatile and value-powerful manner to relaxed statistics. [7] 
individuals can also flexibly adapt their encryption requirements based totally on current 
needs, making state-of-the-art encryption greater reachable to a huge variety of people and 
corporations. 

area is essential for huge-scale statistics storage. It incorporates each offline and online 
data garage alternatives. For big-scale on-line statistics garage, the cloud is the quality 
option. As a end result, LockifyX gives customers with 5GB of unfastened garage space to 
soundly shop critical statistics for future get admission to. Shown in Figure 1. 


La Multilingual == Language support for various users 


Ax-crypt Features = Cloud Storage Awareness = Integration wih cloud storage services 


Ne Password Management === Secure password storage and retrieval 


Figure 2. Best encryption tool (AX Crypt) features. 


In below diagram it can be seen clearly: -in the meantime, the functions furnished by 
LockifyX over other encryption tools is in some way distinctive. Even the security structures 
fluctuate plenty. distinction can be surely seen inside the underneath diagram Figure 2: - 


Fingerprints 
Passwords 
Four-Tier Security System 
Face-Recognition 
Voice Recognition 


LockifyX Encryption Tool ~ 50B Free Cloud Storage 


As Password Generator and Manager 


Two Biometrics Credentials on the Same File at 
the Same Time 


Figure 3. Features of LockifyX App. 
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3 PROSPECTIVE OUTCOMES OF APP 


Traditional encryption strategies upload a layer of safety, however cloud-primarily based 
encryption technologies have transformed data safety.[8] those systems make large use of 
cloud computing assets to bypass the restrictions of local encryption technologies on cellular 
gadgets. This page identifies the app’s future instructions. This programme is beginning to 
influence how crypto technologies are utilized in modern-day society. despite the fact that we 
can provide unfastened offerings to purchasers till then, our primary aim is to generate 
revenue from the application. Passwords and fingerprints are often covered in free services, 
however get entry to additional gadgets calls for registration. The subscription model will 
play an essential role in having access to different tools. aside from this, The subsequent 
points where our encryption device will likely undergo updates and alterations in the future: - 

Sales Streams: -The destiny of encryption technology will be in offering competitive 
names. this indicates growing one of a kind models with exclusive functions. The unfastened 
entry degree will appeal to new customers with crucial capabilities. Paid pro and business 
enterprise plans release first rate functions like storage, robust encryption algorithms, and 
top-notch customer support.[9] this case leaves both customers and companies with one-of-a- 
kind desires. The freemium version can function a springboard in which the principle fea- 
tures are loose. users who find cost in vital protection may also bedriven to increase extra 
safety capabilities, developing a constant sales movement for startups. 

Specialize in person-pleasant interface: The future of encryption is in how simple it is to 
apply. person-friendly protection is a concern for startups, and they will succeed. are you 
able to imagine dropping complicated passwords? instead, the encryption technique could be 
streamlined via drag-and-drop capability and unambiguous visual confirmations. to enhance 
accessibility even extra, a easy interaction with not unusual equipment like email and cloud 
garage is suggested. With an emphasis on user enjoy, every person can manage their records 
privacy, extend their organizations, and help create safer digital surroundings—regardless of 
technical talent.[10] 

Creating a Niche: - For crypto groups, concentrating on a certain niche can be a success 
method. Like a clinical practice needs a safe device to interface with electronic fitness records 
(EHR) whilst adhering to HIPAA legal guidelines, cryptocurrency corporations may have 
greater success with the aid of specializing in a specific phase of the blockchain environment. 
This allows them to cope with the special requirements and problems of a given area or 
software. 

Existing encryption requirements may not be ok for those increasing corporations’ precise 
requirements. those corporations need robust safety solutions for a diffusion of reasons, 
including shielding economic transactions and making sure compliance with laws like 
HIPAA inside the healthcare industry. via the introduction of novel encryption techniques, 
we can efficaciously tackle those limitations, cultivate purchaser self-assurance, and ensure 
the protection of their statistics.[11] This version highlights the want for clean techniques 
whilst making clean the problems faced by means of startups. It additionally emphasizes 
how better encryption contributes to the development of self-assurance and accept as 
true with. 

AlI-Powered Threat System: With Al-powered risk detection, encryption software is used 
as an ever-evolving and higher security barrier. risk detection is made viable by means of 
cutting- edge generation, but synthetic intelligence (AI) may also comb through huge data- 
bases and find minute styles that factor to an drawing close attack. This progressive strategy 
is a primary selling characteristic since it assures clients of the highest degree of safety 
towards on-line fraud.[12] Crypto startups can offer comprehensive cybersecurity defense by 
going beyond fundamental statistics protection via using collective expertise. 

DDOS Securing System: LockifyX employs a specialized DDoS defense system to shield 
in opposition to allocated Denial of carrier (DDoS) attacks, which have the capacity to 
disrupt encryption services, rendering them inoperable at some stage in essential durations. 
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4 RESULTS AND COMPARISON 


The latest most important updates to the software warrant our complete interest. those 
enhancements are poised no longer most effective to delight customers but additionally to 
set a new trendy for advancements in encryption equipment. The update represents wide- 
spread upgrades in both protection and usability. The gadget’s security structure has been 
upgraded from to four ranges, offering multiplied safety. users might also use 5 GB of 
cloud storage while not having to register, which expands their storage opportunities. 
furthermore, the machine permits for the simultaneous use of biometric authentication 
techniques, offering additional flexibility for private verification. improved password 
advent improves password security, and users are warned whilst their password or PIN is 
about to run out, taking into consideration higher account management. these upgrades 
enhance the gadget’s resilience and performance. looking beforehand, we may also 
improve safety by using imposing a One-Time Password (OTP) system. This extra two- 
factor authentication layer might improve safety to a 5- tier gadget, drastically enhancing 
the protection of critical statistics. 


5 CONCLUSIONS 


In this article, the author affords a modern technique to encryption by using introducing a 
groundbreaking 4-tier security machine. the writer emphasizes that a giant advantage of the 
usage of encryption equipment is the peace of thoughts they provide in safeguarding infor- 
mation from robbery and assaults. superior encryption tools hire robust algorithms to han- 
dle problematic encryption and decryption obligations on smart gadgets. This functionality 
allows for real-time analysis of encrypted statistics, imparting treasured insights to decorate 
decision-making and operational procedures whilst preserving facts safety.[14] the author 
contends that encryption tools must now not be constrained to organizational utilization, 
but need to be to be had to the whole populace, emphasizing the need of creating those tools 
cheaper. notwithstanding the blessings, the author outlines specific troubles connected with 
four-layer encryption techniques [15]. Information storage at the cloud can cause community 
troubles such as DDOS assaults and records latency, even as reliance on network con- 
nectivity may additionally result in slower product response times. the subsequent route for 
LockifyX tools is to solve gadget latency challenges. destiny studies need to try to enhance 
the safety and overall performance of encryption solutions. 
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ABSTRACT: This research is about problems in cloud computing with some solutions. 
We have gone through multiple research paper, review papers and articles. According to 
these researches review we have some including and exclusion criteria that we read from 
abstract files and titles, then we have focused on quality of paper which is relevant to our 
study. Then, to gather critical insights, we read through the selected papers in great detail. 
Research focus is on security of data on cloud, availability of resources, integrity property, 
security, privacy, security over the network, these kinds of problems are highlighted about 
cloud computing in our research. We have recognised wide choices of security solution that 
are very much same solution to resolve these problems. These all solutions are including 
technology like APIs, data hiding, data encrypting, authenticating service and classifica- 
tions. Our prime goal is to increase privacy and security concerns of cloud computing. 


Keywords: Remote networking, Security, privacy, cloud computing, health cloud, solutions 


1 INTRODUCTION 


In latest time, the demand of technology and updating technology has become part of medical 
department as well. Some technology of cloud computing, AI and electric medical tools are 
used arose as safe way to do healthcare services [1]. Cloud computing is playing Crucial role in 
digital transformation over the technology of internet. Services includes wide range of sub- 
stitute in storing data, servers, databases, network compatibility and many applications [2]. 

The acceptance of cloud computing technology has gave growth to various industries, 
even in healthcare department cloud technology has become a trend [3]. Medical field is 
generating day by day huge amount of data , and we need appropriate technology to manage 
this data. This data should be very secure and we can’t define any kind of disclose of patient 
data. Each day in hospital Patients record in entered and updated. Our first priority should 
be availability of patient data [4]. Cloud computing is insurrection that how all people 
related to healthcare are providing quality of medical facilities and with less cost to the 
patient. In this study we are researching on basic challenges, problems, security and privacy 
of cloud computing used in medical departments. 


2 MATERIALS AND METHODS 


2.1 Design 


We recapture or studied the relevant articles of time span 2015 -2020. A brief study was done 
on good paper of some journal and conference which are indexed in Scopus and PubMed. 2 
experimenter work together in the search and clarification of relevant publication. In very 
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beginning we started searching the relevant keywords of titles .Then we understood some of 
literature doesn’t matched with our targets. . The following phase required a rigorous full- 
text examination of the selected papers to determine the most appropriate contributions for 
our review.” 


3 RESEARCH QUESTION 


“This research is focused on addressing the concerns concurrently in medical system, which 
add on the following: Analyzing the challenges regarding availability, security and privacy to 
cloud computing Finding Solutions to resolve these problems.” 


4 INCLUSION/EXCLUSION CRITERIA 


We have used English based papers , articles and journals that are relevant to our study, time 
span in between 2015 to 2020. 
Exclusion cases are below: 


Introductory data from unfinished projects. 
e Abstracts, conference abstracts, and incomplete projects without full-text articles. 
Review pieces, letters to editors, and other non-original articles. 


5 DISCUSSION 


The progressive cloud computing technology is being used in large areas. In order to our 
study one of most important sector is Medical sector, The problems must be resolved. Due to 
inherent properties of cloud, due to deep data storing, networking gaps, ease of use and 
sharing , the development of best and powerful structure of cloud is important[5]. As a result, 
it was noticed that critical for cloud computing supplier and enterprises adopting this tech- 
nology to accurately detect protection issues and prescribe appropriate treatments [6]. 

Latest advancement in AI and Machine learning have proved that medical areas has wide 
scope of future when they will integrate with cloud computing. Via just checking the chest 
across, Ahmed Sedik and colleagues created a way for fast checking of COVID-19 patients. 
This technique can be used in many other diseases as well by using cloud, we just need to 
enhance its use[7]. This assault has a direct impact on the accessibility of cloud resources. 

This study describes the significance of privacy , protection and available cloud frame- 
work. reliability or freeness was recognized as hard execution difficulties for cloud-based 
services in a implementation study, mainly when data deprivation may have several con- 
sequences [8]. 


6 RESULTS 


Initially, the selected search method yielded 930 full-text studies relevant to our inquiry. 
After a thorough analysis, Three hundred Sixty similar data were recognized and removed. 
The titles and abstracts of the remaining five hundred seventy resources were individually 
reviewed by 2 researchers. This resulted in a thorough analysis of the entire text of the 
summarized articles, from which the most relevant (two hundred forty five data) we’re 
chosen in according to the criteria. According to these criteria, 197 one hundred ninety seven 
items were rejected. This rejection included publications classified as reviews (n equal to 
thirty six), opinion pieces (n equal twenty eight), and irrelevant to cloud protection(n equal 
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one hundred thirty three). Finally, forty eight papers matched the including criteria and were 
included in the final review (Figure 1 depicts the selection process). In our investigation, we 
found common protection concerns in cloud technology and viable solutions. 
Table 1 summarizes the articles evaluated, demonstrating cloud computing protection con- 
cerns and appropriate solutions. Our study of the studies found that the most common cloud 
protection concerns were facts confidentiality (n equal to nineteen), data protection (n is 
equal to fourteen), data availability (n is equal to fourteen )data integrity (n is equal to 
thirteen), and network protection (n=12). The frequency distribution of these problems is 
shown in Figure 1. 

Furthermore, the most popular options for tackling protection issues in cloud infra- 
structure were data encryption (n is equal to seventeen), authentication (n is equal to ten), 
(API) (n is equal to seven), and data classification (n is equal to six). Figure 2 illustrates these 
solutions. 


Records identified through database scarching | Hani emcee: sian 
= 22o = through other sources 
z Web or ae z Science ‘Ge 40 
(n—3 11) iaeaea (m=2 13) uirai 
= (a= 190) to-206) I 
Duplicated articles remowed 
(a = 360) 


Records screened Records exccluctedt 
(a = 570) Ga = 325) 


Full-text articles assessed Full-text articles exchsded. 
for eligibility with reasons 
n = 245) m= 197) 
Final inchucded smidies 
= @— 45) 


Figure 1. Process flow diagram for selecting from the discovered items.[15] 
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Figure 2. More common approaches to securing cloud computing environments: This emphasizes the 
prevalence of these solutions.[15] 
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7 LITERATURE REVIEW 


The table delves into security issues and resolutions in cloud computing based on diverse 
studies. Here is a breakdown by country: 

Pakistan: Studies conducted by Dashti [9] (2020) and Tariq [11] (2020) concentrate on 
security challenges in cloud computing specific to Pakistan. Dashti raises concerns regarding 
data reliability, control, and access, while Tariq investigates the utilization of Fuzzy AHP for 
enhancing information security. 

Poland: Ogiela [10] (2020) examines intelligent data management and security within the 
Polish context. Their research proposes the implementation of shared secret intelligent lin- 
guistic threshold methods for safeguarding sensitive data. 

China: Wu [12] (2020) explores strategies for ensuring secure communication channels in 
China. Their study delves into the utilization of a channel-free certificate-less searchable 
public-key authenticated encryption scheme. 

India: George Amalarethinam (2019) delves into the cloud security obstacles and remedies 
pecific to the nation. He highlights issues related to availability, confidentiality, and privacy, 
proposing remedies such as OTP, digital certificates, and data encryption. 

Nepal, Giri (2019) examines the challenges of cloud security, with a particular focus on 
data access and confidentiality. Their study advocates for solutions like data encryption and 
classification. 


8 CONCLUSION 


Cloud computing has transformed how data is accessed and stored, notably in healthcare. 
However its straightforward opportunity, as in suggestion substantial protection risks, as 
demonstrated by a multiple of study data. Because of its collective, fistulize, and character, 
the cloud atmosphere, while auspicious as an tech-based computing platform, offer its pro- 
tection challenges. 

This paper provides a detailed analysis of cloud computing, highlighting the protection 
concerns and solutions that have emerged around the previous 5 years. Data encryption, a 
technology that enhances the protection of data depository and recover of cloud, is an 
essential constituent of ensuring secure data access. We also examine the major roadblocks 
to advancement in cloud protection. Recognizing these difficulties is the first step in devel- 
oping practical remedies. Upcoming research should focus on developing viable and prac- 
tical explanation to extract these problem, thereby contributing to the advancement of cloud 
protection. 
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ABSTRACT: Quality assessment forms an integral component of testing fabrics, which 
ensures the serviceability, life and appearance of the cloth. Additionally, diffraction-based 
methods are applied for surface inspection in identifying defects, damages, or contamination 
in the fabric. Variation in surface causes changes in the diffraction pattern, and the defects 
such as holes, tears, stains, or variations in the dyeing process. The change will be quickly 
analyzed for the detection and immediate actions, hence guaranteeing the quality of the end 
product. Light diffraction is also essential in the colour measurement and analysis process in 
textiles. Some spectrophotometers are constructed with diffraction gratings that measure 
light’s spectral reflectance level or transmission through the fabric, enabling precision of 
colour matching, consistency assessment, and the dyeing process’s quality control. 
Furthermore, the dimensional stability of textile fabrics under various environmental con- 
ditions can be checked by methods based on diffraction of light. Alterations in the diffraction 
patterns of textiles following dimensional adjustments allow fabric losing or gaining to be 
anticipated before any irreversible damage occurs. As a result, diffraction of light is an 
essential tool in terms of checking quality, as it provides non-destructive, rapid, and exact 
ways for assessing textile quality. It helps the producers of textile cloth provide high-quality 
fabric that meets customers’ expectations and manufacturing requirements. 


Keywords: Diffraction of light, fibre, textile cloth, spectrum, intensity 


1 INTRODUCTION 


Quality and consistency in the determination of fabric are vital factor for the textile industry. 
Several measures have been taken by manufacturers to examine the quality of textile cloth at 
different levels of production, ranging from fiber analysis to surface. The scattering of light is 
one of the most recent technologies being utilized. Diffraction-based techniques, which take 
advantage of the wave-like properties of light, reveal much more about the structural fea- 
tures and optical aspects of textile materials. Quality of textile cloth and characteristics of 
fibers such as motion properties, weave structures, surface deficiency, color, and dimensional 
structures can also be tested with the help of the introduced method related to the diffraction 
of light. Previously, quality control procedures followed non-uniformed methods of visual 
inspection and mechanical measurements which proved tedious and prone to error. 
However, light diffraction began playing an important role in identification and quantifi- 
cation of the parameters of textile materials quality. This abstract throws some light on the 
principles and mechanisms of light diffraction techniques and their application in assessing 
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the fabric quality, especially the fiber properties, grid, crease material features, shade and 
size tight edges. Diffraction of light takes place when light waves are obstructed or forced to 
pass through thin openings, which results in the alteration or dispersion of light. In textile 
analysis, diffraction happens when light reaches the elaborate structures and designs found 
in the weave or wale direction and course or filling the direction of woven and knitted 
fabrics. Through examination of the diffraction outputs, manufacturers can learn a great 
deal about the fabric quality. The most straightforward application of light diffraction in 
textile quality assessment is primarily in wale, warp, and course; stitch and technology; or 
yarn twist checking. Passing a coherent light source through a piece of fabric and analyzing 
the diffraction pattern allows one to measure two parameters: the total thread density or 
thread count and the geometric arrangement of intersecting threads. A deviation in counts, 
yarn density or wale regularity, evenness, and size can be revealed, which may signal changes 
in the tension and general fabric strength or coarseness, wave [1]. 

Broadly defined, diffraction describes the bending and spreading of light waves around 
manageable corners and through restricted apertures. Specifically in the textile character- 
ization setting, when light meets the delicate structures and designs in woven or knitted 
fabrics, diffraction happens, bringing forth diffraction patterns that may be recorded, scru- 
tinized, and decrypted to reveal information concerning the material. One of the most 
common areas where light diffraction is used in controlling the quality of textiles is mea- 
suring the number of threads and their wave structure. When illuminated by a coherent light 
source, a pattern works as the resulting diffraction; this pattern reflects the density and 
uniformity of the thread arrangement in the fabric. By contrast, the change in the diffraction 
pattern due to differences in the thread’s count per square inch, in yarn width, or in accor- 
dance leads to the determination of strength, endurance, reliability, and other qualities of the 
material [2]. 

Moreover, diffraction-based methods, applicable for surface inspection, will find the 
surface defects, deviations, or pollution like detaching from fabric’s surface. Anomalies of 
the diffraction pattern due to the variations of the surface structure indicate defects of fabric 
like holes, rips, spots, or uneven dyeing. Such methods ensure quality and allow it to keep 
textile markets free from poor products. Secondly, light diffraction has a significant role in 
colour investigation and determination of textiles. Diffraction using instruments like spec- 
trophotometers containing grating help to define the spectral reflectance or transmittance of 
colour through textiles. The information obtained can thus help to determine the colour and 
its quality on the fabric to a reasonably high level of accuracy. Additionally, diffractive 
technology can be used to determine the dimensional changes of the textile fabrics due to 
various environments. These may include moisture and temperature changes, whereby the 
diffraction change due to change in dimension give the information of the possibility of 
material shrinkage and stretching. This aspect helps the manufacturers address any concerns 
before the products are in the consumers’ hands. In conclusion, diffraction of light is a 
critical procedure in checking the quality of textile cloths. This is possible through the pro- 
cedures of diffraction gratings and interferometry enabling the manufacturers to monitor all 
the textile quality causing factors. Such factors include fiber characteristics, weave structure, 
surface defects, colour consistency, and dimensional stability fluctuations since textile pro- 
ducts are vast and new products are developed time by time. Hence, diffraction will be vital 
in assisting the manufacture of high-quality textile products for the growing consumer and 
industry at large [3]. 


2 REVIEW OF LITERATURE 
The role of diffraction of light in assessing the quality of textile cloth reveals a growing body 


of research exploring various techniques and applications in this field. A number of studies 
have been conducted to apply diffraction methods for the measurement of thread count of 
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woven fabrics. Such methods generally imply shining of a coherent light source on a fabric 
and analyzing the obtained diffraction pattern to estimate the thread density and the weave. 
The studies provide evidence that the use of diffraction is highly reliable for measuring the 
quality of the fabric in terms of the weave evenness and coherence of thread count [5]. 


2.1 Surface defect detection 


Diffraction-based surface inspection: Defects, irregular structure or contamination on the 
fabric surface have been studied by diffraction-based surface inspection techniques. This 
non-destructive method is based on changes in the diffraction pattern due to surface varia- 
tions. Holes, tears, stains and uneven dyeing can be quantified and identified by these 
methods, which eliminate the need for traditional visual inspection and enhance the abilities 
for automated defect detection [6]. 


2.2 Colour measurement and analysis 


The literature reviews have described the basis of the diffraction gratings and spectro- 
photometers in colour measurement and analysis of textiles. The S/R or S/T measures the 
reflection or transmission of light through the fabric spectra depending on the wavelength 
and enables an accurate measurement of colour parameters such as colour hue, chroma and 
value. The work affirmed the use of diffraction as an accurate mode of colour measurement 
with industrial utility in glair and textile industry as an effective method of matching colours, 
help assess colour uniformity, as well as perform quality assurance in yarn and dyeing 
industrial process [7]. 


2.3 Dimensional stability assessment 


A multitude of research studies have been conducted to evaluate the use of propensity-based 
approaches to determine the dimension stability of textile fabrics in a variety of environ- 
mental conditions. Changes in diffraction patterns due to large-scale changes, such as fabric 
compression or extension, can be exploited to image an array of possible difficulties with the 
quality and performance of fabrics. The methods provide information about the mechanical 
properties and activity of textile materials, promoting the creation of flattenable fabrics [8]. 


2.4 Advancements in instrumentation and technology 


Literature reviews discuss the progress made in instrumentation and apparatus for diffrac- 
tion methods in textile analysis. Various diffraction measuring systems, such as portable or 
self-adjustable, have been established by several researchers. Such devices make fiber and 
yarn quality assessment quick, convenient, and easily scalable. These portable diffraction 
devices have been used to monitor and check the quality of fibers and yarn products in 
realistic conditions [9-11]. 


3 METHOD 


The laser light is incident on the fibre of the cloths. The molecular spaces of the cloths behave 
like the separation between the ruling lines diffraction grating. When the light is incident on 
the surface of the cloth, the light is diffracted. The properties of the diffracted light represent 
the separation between the threads. The characteristics of the spectrum made by the super- 
position of the diffracted light represent the dispersive power and resolving power of the 
grating made by the threads of the cloth. For this, the sample of the cloth is stretched in the 
form of membrane and fixed in a clip. The laser light is incident on the stretched cloth, it will 
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pass through the gap between two threads. When the light passes through the gap, it will be 
diffracted and deviated from its original path. The superposition of the waves produces the 
spectrum on the screen. The analytical study of the spectrum briefs the properties of the 
cloth.Shown in Figures 1 & 2. 


Figure 1. Incidence of laser light on the stretched cloths in dark room of optical lab. 


Figure 2. Incidence of laser light on the stretched cloths in dark room of optical lab. 


Diffraction pattem of 
Screen of cloth 


Filter 
Textile cloth 


me A 


-T of diffraction of light through the textile cloth 


Figure 3. Experimental setup of diffraction of light through the textile cloth. 


831 


4 DISCUSSION 


The spectrum produced on the screen of the experiment of the screen when light is incident 
on the stretched cloth representing the quality of the cloths. Wide spectrum shows the fewer 
gaps while narrow spectrum represents the more gap in the thread of the cloth. The gap 
between the threads also produces various colours in the spectrum of screen. Although much 
progress has been made in various applications of diffraction-based textile analysis, 
numerous challenges, such as data interpretation, instrument calibration, and standardiza- 
tion, remain areas of active research. Based on the literature, interdisciplinary efforts of 
textile scientists, optical engineers, and computer vision specialists are essential to overcome 
these challenges and advance further. Integrated sensing technologies, machine learning 
algorithms, and advanced data analytics are future research lines for comprehensive textile 
quality assessment. Different applications of diffraction of light on the examination of the 
quality of the textile cloth have a diverse range of applications, methodologies, and recent 
advancements. Diffraction-based methods measure the thread count of weave structure, 
surface defects, and colour consistency of textile cloth provide abundant toolkits for 
expanding textile production process innovation and improvement. Cold wave researches 
seek to address the current challenges and identify new avenues for the enhanced efficiency, 
accuracy, and reliability of diffraction-based textile analysis. The quality of textile cloth has 
a critical role in ensuring fabrics meet expectations of material durability, appearance, and 
performance. How light diffraction determines the thread count of the weave structure of 
textile cloth provide a non-destructive and accurate way of determining the number and kind 
of threads present in the material [13-15]. 

Diffraction methods are used in surface inspections for identifying defects, abnormalities, 
or contamination on the fabric surface. Such alterations identified in the diffraction pattern 
as a result of surface changes can enable the prompt identification of holes, tears, stains, or 
improper dyeing along the fabric for immediate correction. Compared with conventional 
visual inspections, the diffraction methods provide quantitative data and can also enable the 
automatic detection procedures to make the quality control more efficient and reliable. Light 
diffraction is highly useful when it comes to colour measurement and analysis of textiles. The 
fabric’s spectral reflectance or transmittance levels can be directly measured using spectro- 
photometric instruments containing diffraction gratings. Meticulous analysis allows one to 
determine the exact hue, saturation, and brightness of the colour used on the textile. This 
allows one to ensure colour consistency in different dyeings, hence guaranteeing the quality 
and appearance correctness. Diffraction-based testing methods can also be used for assessing 
textiles’ dimensional stability [10-12]. They can be used to measure the resultant diffraction 
pattern changes in the event of dimensional alterations and forecast any potential quality 
problems that might arise from this. In addition to that, fabric mechanical properties can 
also be measured and subsequently used to produce more dimensionally stable fabrics. 
Advancements related to the application of diffraction in the textile industry have managed 
to speed up the process of quality analysis readiness. This is due to both the portable and 
automated nature of the equipment but also new sensors are able to take multiple mea- 
surements at the same time. Indoor quality control systems that integrate the use of 
diffraction-based methods with data analysis procedures are capable of continuously 
monitor the production of textiles using machine learning algorithms and facilitate con- 
tinuous processes. 


5 CONCLUSION 
In conclusion, the diffraction of light plays an invaluable role in analysing the quality of 


textile cloth, providing several approaches. This optical phenomenon allows manufacturers 
to determine otherwise unobservable and important parameters of textile quality, such as 
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thread count, weave structure, surface defects, colour consistency, and dimensional stability. 
Moreover, the described techniques help the producers analyze and evaluate the quality of 
textile materials in a highly-efficient, non-destructive, and accurate way. As a result, the 
created fabrics are of high quality, meeting the demands of the consumer and industry. The 
significance of using the diffraction of light in checking the quality of the textile cloth is high 
and multi-faceted. There are multiple opportunities offered by the quantified light for textile 
science to create and develop fabrics with non-destructive and accurate analyses of the 
quality, durability, and function. It includes analysis of thread count and wave structure and 
examination for surface defects, colour uniformity, and dimensional stability. This infor- 
mation plays a critical role in preserving the output of the production process. Besides, the 
use of the already “existing” developed measurement instruments and technologies, such as a 
portable, automatic device with improved sensors, can potentially increase the efficiency, 
speed, and scale of textile quality checking. Moreover, the quantified light adds value to the 
iterative model of semi-finished innovation and development of the textile industry by 
offering a solution for real-time monitoring, quality control, and defect-based learning in 
factories. Scientists can use the quantified light in combination with machine learning and 
big data analysis to analyze complex properties of textile structure, ending up generating 
high-quality fabric in terms of industry standards. In general, the use of the diffraction of 
light in checking the quality of textile cloth is highly promising and likely to be increasingly 
used in the future scientific research in textile science. 
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ABSTRACT: Industry is one of the primary drivers of economic growth. However, the 
advent of modern technology and the increasing complexity of products and processes have 
a direct influence on industrial enterprises and personnel. Critics of the Industry 4.0 para- 
digm emphasised its technocratic digitalization approach and focus on new technologies. As 
a result, Industry 5.0 a new industrial paradigm emerged quickly, sparking a dispute con- 
cerning the logic and goals underlying its implementation. Industry 5.0, a development of the 
current Industry 4.0 paradigm, places more focus on the importance of the worker in the 
production process. Managers are encouraged to embrace a human-centered perspective by 
means of the Industry 5.0 framework. This involves highlighting organizational require- 
ments including thorough understanding, inclusive change management, efficient leadership 
techniques, and procedures for ongoing learning and innovation. The absence of adequate 
research highlights the necessity to examine the relationship between Digital Transformation 
practices and the sustainable performance of Human Resource Management in context to 
Industry 5.0. By using the co-worker ship technique, this study seeks to develop guidelines 
for the human-centered use of digital technology. In addition, the paper seeks to promote an 
industrial environment that is more productive, inclusive, and sustainable by putting work- 
ers’ involvement and well-being first while achieving economic growth simultaneously. 


Keywords: Industry 4.0, Artificial Intelligence, Human centric approach, Co-worker ship, 
Sustainable Human Resource Management 


1 INTRODUCTION 


Digital technologies have an impact on every aspect of life, but especially the economy. Since 
their inception, they have revolutionized the way we live and work. Since almost all orga- 
nizations consider digital transformation to be a top priority, it is unusual to find a company 
that hasn’t initiated a plan in this area. Since its inception, digital transformation has been 
given top attention by companies trying to increase their competitiveness and ensure their 
survival. The term industrial revolution (IR) signifies the introduction of new technologies 
that profoundly reshape society. With the invention of steam engines, the first industrial 
revolution (Industry 1.0) got underway. The utilization of mechanical machinery led to an 
increase in production during the second industrial revolution, also known as Industry 2.0. 
The use of IT in manufacturing processes enabled mass production and automation, which 
in turn sparked the third industrial revolution, or Industry 3.0. Industry 4.0, the digital 
evolution, now includes robotics, artificial intelligence, and 3D printing thanks to recent 
advancements in connectivity. This cleared the path for Industry 5.0, which places a high 
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value on human-intelligent system collaboration to achieve efficiency gains and mass 
customization. 

The manufacturing industry is undergoing a rapid shift due to the advancement of digital 
technology and artificial intelligence (AI)-based solutions. Manufacturers around the world 
are faced with the dual challenge of maintaining human involvement in industrial processes 
while increasing productivity. The fact that robots are playing a bigger and bigger role in the 
production process due to advancements in artificial intelligence and other emerging tech- 
nologies exacerbates this issue. These difficulties can be solved with the introduction of 
Industry 5.0, the upcoming industrial revolution. Over the past 20 years, a new approach to 
human resource management (HRM) has emerged: sustainable HRM (SHRM). The four 
essential components of this concept are ensuring equity and fairness, implementing trans- 
parent HR practices, promoting profitability, and giving employee well-being first priority. 
SHRM integrates a number of techniques within the framework of economic, social, and 
environmental factors. One such approach is Green HRM, which promotes eco-friendly 
practices and backs environmental management initiatives. ii) Age management, which 
comprises controlling the workforce’s age distribution as a component of a larger business 
plan ii) Diversity management, which entails managing a diverse workforce in an efficient 
manner to promote inclusivity and equality within the organization. 


2 LITERATURE REVIEW 


The aim of the study is to establish human centred for the use of digital technologies 
through the application of the co-workership approach. The ultimate goal is to advance a 
more diverse, efficient, and sustainable industrial environment while giving employee 
engagement and wellbeing more weight. Industry 5.0 emerged shortly after Industry 4.0, 
gathering discussions on its agenda and logic. At the center of Industry 4.0, it is generally 
known as “smart factory” which integrates data, intelligent machinery, equipment ect. [1]. 
Artificial Intelligence plays an important role in Industry 5.0. This paradigm demonstrates 
a depth relationship between intelligent systems and people in different applications by 
adding precise production automation [2]. Although Industry 4.0 has technically improved 
human-machine interaction, it is important to recognise that despite these technological 
advances, humans remain essential to preserving social sustainability. It will be difficult to 
ensure workplace secrecy and information security in the area of human-machine colla- 
boration, which calls for a great deal of information security research.[3]. Feedback from 
the market indicates that while human intelligence is still better at minimising errors and 
losses, human craftsmanship will be crucial in Industry 5.0. The combination of human 
intelligence and the highest standards of digitization characterises this revolution. 
Essential organizational elements such as clear vision, internal prioritization, cultural 
adaptation, and fostering collaboration need to be seamlessly integrated into digital 
transformation efforts [5]. These components are recognized as sub-themes within over- 
arching topics essential for a comprehensive understanding of the transformation process. 
Cultural shift, transparent communication, trust-building, effective management of 
restructuring, identification of digitalization needs, and avoiding fragmented digital 
initiatives are vital aspects of organizational change critical for successful digital trans- 
formation [6]. Leadership strategies should prioritize cohesive management, cultivating 
trust, and ensuring clear accountability. Additionally, employee development, compe- 
tencies, and commitment to continuous learning and innovation are imperative for fos- 
tering growth and adaptation. Industry 5.0 [7]. Strategic Human Resource Management 
(SHRM) has become the main approach for HRM policy for the past thirty years. A fresh 
approach to HRM known as Sustainable Human Resource Management (Sustainable 
HRM) has emerged throughout the past ten years. This strategy aims to connect sustain- 
ability objectives with HRM practices. There are a number of language barriers in defining 
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“sustainability” and how it relates to HRM, which leads to different interpretations of 
Sustainable HRM [8]. 


3 INDUSTRY 5.0 CHARACTERIZED BY THREE PRIMARY CATALYSTS 


Figure 1. Key drivers to Industry 5.0. 


The requirements of employees are given priority in the production process when using a 
human- centered approach, which also takes into account how technology can be used to 
their advantage. Sustainability seeks to reduce waste and its negative effects on the envir- 
onment while promoting the reuse, repurposing, and recycling of natural resources. As 
Figure 1 illustrates, resilience means supporting industrial production with sturdiness, 
enabling adaptable production capacity and flexible processes, especially during times of 
crisis. 


4 AHUMAN-CENTRED VIEW OF DIGITAL TRANSFORMATION WITHIN THE 
CONTEXT OF INDUSTRY 4.0. 


It is critical to emphasize the importance of human well-being in the context of digital 
transformation, particularly given the challenges many manufacturing companies face in 
realising the full potential of optimising human work processes, routines, decision-making 
assistance, and information exchange. The incorporation of novel technologies presents 
challenges to pre-existing organisational structures, customs, and functional procedures. 
Promoting research that prioritizes the human perspective is essential for comprehending the 
intricate digital manufacturing environments, where individuals work alongside technology 
and machinery. The entire organisation is impacted by digital transformation, including the 
people, management, structure, culture, and work processes. Thus, it is imperative to adopt a 
comprehensive and human-centered viewpoint. Established manufacturing organizations 
frequently find it difficult to recognize the possible implications of industrial digitalization, 
despite the fact that the prospects presented by digital transformation are well recognized. 
and look for strategies for integrating new technologies into already-existing organisations. 
It is also maintained that there are sustainable methods to bridge the gap between digital and 
non-digital resources, or human and technology integration, including reinterpreting orga- 
nizational best practices. When addressing the problems of digital transformation, a human- 
centric viewpoint highlights the importance of acknowledging human capabilities and 
competencies, interaction, critical thinking, and interpretation. Human potential, abilities, 


836 


variety, and empowerment are significant components of the developing, value-driven 15.0 
paradigm. According to recent studies, people remain the most valuable resource. For a 
digital transition to be successful, the workforce is essential. Employee upskilling is necessary 
to improve competency and skills, and thoughtful technology and human integration can 
foster innovation and new knowledge. When integrating new technology to become a smart 
industry, many industrial organizations have issues with employee attitude and must 
establish organizational conditions for continuous learning, re-skilling, information dis- 
tribution, and innovation. Thus, a lack of human-centric viewpoints may result in the loss of 
the potential benefits of introducing new technology, such as those connected to organiza- 
tional change and innovative skills. 


5 THE INDUSTRY 5.0 CO-WORKER SHIP WHEEL APPROACH 


This research employs the co-worker ship wheel to identify organizational needs for putting 
a human- centered approach into practice during the digital revolution of the manufacturing 
industry. For organizational development initiatives, like those in the healthcare sector, this 
approach has yielded positive results. In this context, “coworker” refers to any employee; in 
a manufacturing organization, a coworker is seen as an independent player inside the col- 
lective structure. The concept of co-worker ship is linked to followership and has its roots in 
the workplace culture of Scandinavia. Four conceptual pairs make up the theoretical fra- 
mework of the co-worker ship wheel: 

Mutual trust in interpersonal connections, shown by the first pair that the foundation of 
work partnerships is mutual confidence in interpersonal interactions, as demonstrated by the 
first pair of traits: openness and trust. Therefore, the staff's aversion to change and lack of 
trust in management will compromise the success of the digital transformation. Realizing 
transparency throughout digital transformation necessitates active involvement of employ- 
ees in change and implementation efforts. This involves managerial guidance through 
counseling, conducting workshops, and facilitating training sessions aimed at fostering 
resilience, enabling individuals to effectively tackle challenges and disruptions. 

The second pair, Cross-functional teams are encouraged by a sense of community and 
cooperation, which emphasizes that effective cooperation should transcend organizational 
boundaries, hierarchies, and structures. Management needs to cultivate an inclusive com- 
munity culture that encourages and supports digital transformation. A key element of digital 
transformation is community spirit, which is an organization’s culture or mentality. 

The following pair, engagement and meaningfulness, emphasizes how dedicated staff 
members are to the company and whether or not the work itself is thought to be interesting 
and worth while. In order to actively participate in the digital transformation, employees 
must be dedicated to enhancing their digital abilities and learning new things. 

The fourth pair, initiative and responsibility demonstrates how responsibility fosters 
initiative and the ability to make decisions on one’s own. Employees who demonstrate 
initiative by generating, developing, and implementing ideas can be deemed essential con- 
tributors to an organization’s innovation endeavors. 


6 CONCLUSION 


To sum up, the advent of Industry 5.0 in reaction to the technocratic aspects of Industry 
4.0 highlights the need of human interaction in the industrial setting. This research paper 
advocates for the adoption of a co-worker ship approach to leverage digital technologies, 
ensuring that economic growth is balanced with the well-being and engagement of workers. 
By emphasizing a human-centered perspective, industries can foster inclusivity, productivity, 
and sustainability, ultimately creating a more resilient and prosperous future. 
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7 DISCUSSION 


The study paper’s implications and discussions center on the transition from Industry 4.0 to 
Industry 5.0, with a focus on human-centric methods for incorporating digital technology 
into the industrial sector. It emphasizes human-technology collaboration and the sig- 
nificance of addressing the effects of technological breakthroughs on workers. The paper 
seeks to promote an industrial environment that is more inclusive, productive, and sustain- 
able by creating guidelines grounded in the co-worker ship approach. This will ensure that 
economic growth is achieved while placing a premium on the involvement and well-being of 
workers. 
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ABSTRACT: Generative computer based intelligence has arisen as a ground breaking inno- 
vation with applications across different businesses. In the domain of exploration paper com- 
posing, the combination of generative Artificial intelligence holds the possibility to reshape 
conventional practices and upgrade specialists’ efficiency. This examination paper expects to 
investigate the use of generative computer based intelligence during the time spent composing 
research papers, exploring its capacities, restrictions, and moral ramifications. This review paper 
gives an exhaustive outline of generative computer based intelligence dissemination and inheri- 
tance models, zeroing in on their fundamental procedures, applications across various spaces, 
and their difficulties. We divide into the hypothetical ground works of dispersion models, 
including ideas, for example, denoising dissemination probabilistic models and score-based 
generative demonstrating. Besides, we investigate the different uses of these models in text-to- 
picture, picture in painting, and picture super resolution, alongside others, displaying their true 
capacity in imaginative errands and information increase. we present a complete overview of in 
excess of 350 generative artificial intelligence applications, giving an organized scientific cate- 
gorization and compact depictions of different unimodal and even multimodal generative Als. 
The review is coordinated into segments, covering an extensive variety of unimodal generative 
simulated intelligence applications like text, pictures, video, gaming and cerebrum data. Our 
overview expects to act as a significant asset for specialists and experts to explore the quickly 
growing scene of generative computer based intelligence, working with a superior comprehen- 
sion of the current state of-the-workmanship and encouraging further development in the field. 


Keywords: Generative AI, Probabilistic Model, Representation, Intelligent Systems, GAN 


1 INTRODUCTION 


Generative models have for some time been at the very front of man-made consciousness, 
empowering the production of engineered information tests with striking authenticity and 
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variety. At first presented as a strategy for denoising pictures, dispersion models have 
developed to turn into a flexible system for producing excellent pictures, message, and sound 
information. Over the years, they stand out from analysts and specialists the same for their 
capacity to catch complex information circulations and produce practical examples [1]. 

In 2000, Gaussian Combination models (GMMs) and Secret Markov models (Gee) were 
introduced as the first generative models for PC vision. These models made use of manually 
created highlights that had limited complexity and variation. With the advent of deep 
learning, notable image aging was enabled by Generative Antagonistic Networks (GANs) 
and Variation Auto encoders (VAEs). The ongoing advancement in power registration in 
recent years has made use of deep neural networks, transformers, and other creative models 
such as generative antagonistic organizations and variation auto encoders [2]. 

Each of these models is able to capture the complexity of data and so is proficient in 
exhibiting high-layered likelihood appropriations of images or words from explicit or generic 
spaces. Any information design, like text, can be transformed into different outcome designs, 
like video, by adding to generative models’ additional techniques that translate the idle high- 
layered semantic space of language or images to media portrayals of text, sound, or video [3]. 


2 RELATED WORKS 


Associations progressively coordinate computerized reasoning (man-made intelligence) 
advancements into their work processes, utilizing their assets in distinguishing designs 
making forecasts [4], and directing re-enactments. These mechanical progressions have 
empowered computer-based intelligence to outperform human capacities in a scope of set- 
tings, like medical care law enforcement, and ability the board [5][6]. 

Despite the fact that man-made intelligence can perform uncommonly well in under- 
takings with clear standards, examples, and goals, it is less certain if artificial intelligence is 
fit for innovative critical thinking, which frequently requires conceptual, nuanced, and 
iterative reasoning social communications and expansive quest for far off information and 
elective points of view [7][8]. 

In this paper, we investigate how generative artificial intelligence — a sort of computerized 
reasoning innovation fit for creating new satisfied in view of human provoking — can further 
develop critical abilities to think in imaginative assignments. Generative computer based 
intelligence, with its computational benefits and intuitive conversational attributes, presents a 
convincing choice for creating a wide exhibit of thoughts financially and productively [9][10]. 

Human partners can incite the models to deliver and reproduce a different scope of points 
of view at an unrivaled scale for only a couple of dollars. Its ability for conveying various 
cost effective results on request and reliably all through significant responsibilities holds 
guarantee for enlarging hierarchical imaginative critical thinking [11][12]. Interestingly, 
despite the fact that publicly supporting has already been a suitable answer for lessen 
expenses and tackle efficiency gains contrasted with interior techniques, it has restrictions 
Specifically, publicly supporting can require broad preparation and cause costs of a huge 
number of dollars [13], and it tends to be hard to deal with the contending impacts among 
motivating forces and endeavors [14] [15][16]. 


3 GEN AI TRAINING MODEL 


Information assortment assumes an essential part in preparing a generative computer-based 
intelligence model for research paper composing. Pertinent information sources like scho- 
lastic diaries, preprint stores, and academic data sets are recognized for getting a different 
and exhaustive dataset. Cautious thought is given to the quality, pertinence, and legitimate 
parts of the information assortment process. Generative AI Models Shown in Figure 1. 
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Noise Conditional 
Score Models 


Figure 1. Generative AI models. 


Pre-processing techniques are used after data collection to clean and arrange the data for 
the research paper in order to create the optimal model. Eliminating unnecessary metadata, 
standardizing the text’s structure and organization, and attending to specific requirements of 
the selected generative artificial intelligence model are covered in this. Pre-processing the 
data from research papers into the model and expanding its parameters are part of the 
generative artificial intelligence model preparation process. 

To improve the model’s ability to produce research paper content of the highest calibre, tech- 
niques including fine-tuning, move learning, and support learning are applied. These steps enable 
the model to improve its output, adapt to specific requirements for writing research papers, and 
use knowledge from similar projects or fields. Moreover, methods for supporting learning may be 


a snail swimming in an 
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living in a house underwater 


two astronauts drinking 


a bear dancing ona 
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a cat doing curls in gym 


Generated i Ground truth 


Figure 2. Generative AI models and images. 
4 REPRESENTATION OF GAN 


To survey the quality, soundness, and importance of computer-based intelligence created 
research papers, we led an extensive assessment utilizing laid out measurements and human 
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master judgment. The assessment cycle included breaking down an example set of man- 
made intelligence produced papers across various examination spaces. 

The outcomes showed that the computer-based intelligence created research papers 
exhibited a wonderful level of language capability and specialized precision. The generative 
man-made intelligence model successfully combined data from different sources, prompting 
all around organized and cognizant examination papers. The artificial intelligence model 
exhibited the capacity to produce precise references, fittingly consolidate references, and 
present contentions that lined up with the topic. 


4.1 Model readiness 


Train the picked model using the pre-processed sound data. Taking care of the sound ele- 
ments removed during the pre-processing stage and incorporating their corresponding feel- 
ing names into the model is part of the preparation process. Through an improvement cycle 
that restricts a selected misfortune capability, the model learns how to map input elements to 
feeling classifications. 


4.2 Model appraisal 


Examine the display of the prepared model on a different approval or test set that was not 
utilized during the preparation process. The model’s ability to accurately group states close 
to home is frequently evaluated using metrics like exactness, accuracy, review, Fl-score, and 
chaos framework. In light of the results of the assessment, modify the hyperparameters or 
model engineering as necessary. 


4.3. Model headway 


Make the prepared model easier to arrange in real-world applications. Techniques like 
model pruning, quantization, or strain may be applied to reduce the model’s size and com- 
putational multifaceted design without relinquishing execution. In addition, methods for 
increasing equipment speed, such as GPU deduction or model parallelism, may be utilized to 
enhance induction speed. 


4.4 Model association 


After the feeling recognition model has been prepared and evaluated in an acceptable manner, 
it is typically used in real-world applications to continuously group the local state of 
approaching discourse signals. Blend in with sound taking care of pipelines or correspondence 
stages allows the model to give critical encounters into clients’ up close and personal responses 
in various settings. Generative AI — Model and Representations Generative AI — Model and 
Representations Shown in Figure 3. 
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Figure 3. Generative AI — model and representations. 
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5 DISCUSSIONS 


Generative models find applications in different undertakings, for example, picture denoising, 
inpainting, super-goal, text-to-video blend, picture to-picture interpretation, picture search, 
and converse picture search. These applications can be partitioned into two general classifi- 
cations, As the name proposes, unrestricted generative models are prepared to get familiar 
with an objective dissemination and integrate new tests without getting moulded by some other 
info. All models depicted. It can be viewed as a base unconditioned model whose main spot- 
light is on learning the objective distribution. Genuine picture age models for the most part 
start with a seed that creates an irregular commotion vector. The model will then, at that point, 
utilize this vector to make yield pictures that look like preparation information dispersion. 

Going against the norm, contingent dispersion models take a brief furthermore, some 
arbitrary starting commotion and iteratively eliminate the clamor to build a picture. 
Throughout the long term, models ruling the errand have utilized intermittent layers, 
GANsautoregressive models and the dispersion based models. 


Table 1. Representation of GenAI models and indexes. 


Model Representation Dataset Parameters Indexes 
GAN CNN AiX 1TB 100ms 
GenAI DL Arivat 2TB 125ms 
ChatGPT RNN ChatGPT 2TB 125ms 
Corel CNN iCore 10TB 150ms 


iSource DL DataM 10TB 175ms 


A portion of the strange yet profoundly research are taken: 


e Investigating Time-Serie Application could select further into utilizing dissemination 
models of developed anticipating exactness and proficiency. 

e Material science Roused Generative Models: Future exploration could zero in on pro- 
pelling physical science enlivened adverisal network model which can be incrase the 
quality contents 

e Moral Contemplations exploration includes resolving connected with predisposition, 
reasonableness, and the cultural effect of generative dispersion models. 


6 CONCLUSION 


The joining of generative man-made intelligence in research paper composing presents open doors 
for advancement, robotization, and investigation of elective exploration roads. Computer based 
intelligence produced research papers can act as significant instruments for analysts, empowering 
them to rapidly create starting drafts also, investigate different viewpoints. Moreover, the utili- 
zation of generative simulated intelligence models can improve research efficiency via robotizing 
certain parts of the creative cycle. Notwithstanding their promising capacities, generative simu- 
lated intelligence dispersion models still face critical difficulties like preparation steadiness, ver- 
satility. Tending the pivotal for propelling the network furthermore, opening maximum capacity 
on dspersion models in producing sensible, different information tests. 
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ABSTRACT: Ina world of increasing prevalence of Cardio Vascular Disease (CVDs) and 
alarmingly high mortality worldwide, it is therefore important to establish early detection 
strategies. Phonocardiogram (PCG) indications have historically been the mainstay of the 
industry, largely because they were inexpensive and easy to use. In this study, we present 
PhysioNet - a novel CNN and BiLSTM method designed to automate the classification of 
different sounds of cardiac auscultations such as normal, aortic stenosis (AS), mitral stenosis 
(MS), mitral regurgitation (MR) and mitral valve prolapse (MVP) with a high accuracy. We 
automated the technique by applying those two learning phases : Representation Learning & 
Sequence Residual Learning. This projects main aim to classify cardiac disease with PCG 
(Phonocardiogram) data. The purpose of this work is predicting the four pathological classes 
in cardiovascular disease via auscultatory sounds and deep learning technology. So finally, 
you will predict the Disease class based on that variable. Calculate the accuracy, precision, 
recall and F1 score for each of those predicted classes over the corresponding WAV file. 


Keywords: Cardiovascular Diseases, Phonocardiogram, Deep Learning, Accuracy, 
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1 INTRODUCTION 


Cardiovascular Diseases (CVDs) are responsible for a large number of annual fatalities and 
present enormous challenges to the global health system. In both developed and developing 
countries, an alarming surge in mortality due to Cardiovascular disease (CVD) has been 
observed. Mechanically, the human heart which is conceived of as an imperative body organ 
contributes numerous noises. The average heart beat rate of men and women is 60-100 beats 
per minutes. A lower resting heart rate frequently indicates better functioning of the heart 
and overall cardiovascular health. As a proficient athlete might have a resting heart rate of 
as little as forty beats per minute, which is not unusual for that sport. Due to the growing 
severity of this condition, more marked alterations in cardiac function have made auscul- 
tations very common for CVD screening. While Lub (S1) and Dub (S2) are necessary for 
diagnosis of heart conditions, an aberrant heart sound may also indicate a cardiological 
pathology on auscultation with the stethoscope can also appear in irregular waves such as 
Third and Fourth heart sounds and murmurs. The auscultation-based diagnostic approach is 
simple and non-invasive and hence is usually the first port of call for cardiologists in their 
investigations. The fundamental aimed application of this process is the classification of 
Cardiac Diseases by PCG (Phonocardiogram) data. The goal of this work is to categorize 
the four types of cardiovascular diseases producing a Deep Learning, driver gene model for 
prognosis. We want to predict the. The disease with. Wav file. These predicted categories will 
then be tested to performance evaluations using F1 score, accuracy, precision and recall. 
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1.1 Objective 


We will implement this project on deep learning model using the TensorFlow library and its 
main objective is to build an efficient and accurate classification system of the heart valve 
failure. Disorders in heart valves are a threat to the lives of patients, demonstrating the 
necessity for early detection of valve disease to benefit from proper treatments. This study 
aims to utilize state of the art deep learning methods on medical imaging data such as 
echocardiograms and MRI scans to accurately detect and characterize different types and 
severities of valve related abnormalities. The authors developed a classification system to 
improve diagnosis and thus the stage of care when interventions can be offered. 
Furthermore, the study sought to make a substantial contribution to the field of medical 
image analysis at large and deep learning in healthcare. 


1.2 Motive 


There are two kinds of deep learning, 1) supervised and 2) unsupervised all are used for heart 
valve disorder classification to provide reasons for deep learning using cardiovascular 
medicine (as CURRENTLY CLASSIFICATION IS MAIN CHALLENGE IN Heart 
Valve Disease Detection). Valvular heart disease represents an important public-health 
problem worldwide, with increasing rates of incidence. These traditional methods of diag- 
nosis are often only human-based, subjective tools that may not be sensitive enough for early 
detection or accurate differentiation of some diseases. The utility of deep learning in medical 
imaging is that it can enable specificity and high sensitivity by extracting fine-grained fea- 
tures from the data in an automatic manner. In this article, we are going to develop 
accordingly a efficient classification model to help doctors to diagnose heart valve diseases 
faster and more precisely using deep neural networks. 


1.3 Contribution 


This research was of great value to the field of cardiovascular medicine and medical image 
analysis, where the title of the proposed study was (Heart Valve Disease Classification using 
Deep Learning in CardioXNet, a Novel and Efficient CRNN (Convolutional Recurrent 
Neural Network). Utilizing CardioXNet, a new Convolutional Recurrent Neural Network 
(CRNN) structure generated for that specific reason, caused a first-of-its-kind, ground- 
breaking solution to the hurdles associated with diagnosing heart valve disease. Its main 
innovation lies in supra-structure level feature learning with respect to cardiovascular 
structure and function, facilitated by the construction of CardioXNet, a unique 
Convolutional Recurrent Neural Network (CRNN) custom-built for dealing with the com- 
plex nature of cardiac imaging data. Combining convolutional and recurrent layers in this 
architecture enables the system to sufficiently represent spatial and temporal information in 
medical images, and therefore increase its capacity to detect faint patterns that are related to 
different heart valve diseases. Additionally, this kind of work contributes to a greater 
understanding of deep learning applications for healthcare in general as the work introduces 
a domain-specific model intended for heart valve disease classification. 


2 RELATED WORKS 


Yang et al. used an envelope optimization model in conjunction with support vector 
machines (SVM) to classify phonocardiogram data. Their research concentrated on enhan- 
cing the feature extraction procedure and using SVM as a reliable classification method [14]. 
Tseng and colleagues investigated the use of cross-domain transfer learning to enhance the 
diagnostic algorithm of phonocardiogram data. Their study examined the process of trans- 
ferring information from one field to another in order to improve the effectiveness of the 
model in diagnosing PCG [15]. Convolutional and recurrent neural networks (CNN and 
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RNN) were utilised by Alkhodari and Fraiwan to identify valvular heart disorders in pho- 
nocardiogram recordings. Their study explored the use of deep learning methods for the 
automated and precise identification of diseases [16]. System architecture shown in Figure 1 


Figure 1. System architecture. 
3 EXISTING WORK 


The research listed above emphasize the changing nature of analyzing phonocardiogram sig- 
nals, with the goal of improving diagnosis accuracy and automation. Nevertheless, there are 
some obstacles that need to be addressed, such as the need for reliable approaches to extract 
features, efficient strategies for learning across different domains, and the investigation of 
sophisticated machine learning and deep learning methods. Moreover, there is a need for 
inclusive systems capable of managing various cardiac ailments, including valvular heart dis- 
eases and heart valve abnormalities, offering a complete approach to the interpretation of 
phonocardiogram signals. It is crucial to tackle these problems in order to make progress in the 
area and enhance the practical usefulness of diagnostic systems based on phonocardiograms. 


4 PROPOSED WORK 


Valvular heart diseases (VHD) contribute to a significant burden of cardiovascular morbidity 
and mortality across the globe. It facilitates the optimal medical man-agement and timely 
recognition of VHD for mitigating cardiac risks. Previous gold standards exist that are able to 
detect VHD; however they are not accurate enough, which results in high rates of mis- 
diagnosis. The objective of our work is to evaluate the performance of deep learning systems in 
accurately identifying VHD from phonocardiography (PCG) recordings. 4 We extracted the 
PCG heart sounds from a publicly available dataset which contains recordings of normal heart 
sounds and four major valve-related heart diseases: aortic stenosis (AS), mitral stenosis (MS), 
mitral regurgitation (MR) and mitral valve prolapse (MVP) slot4. Methods: The study cohort 
comprised 1, 000 patients, of which 200 recordings were obtained of each class. The first step 
involved cropping all recordings to a length of 9,600 samples, such that they spanned at least 
one entire heart cycle. These data were pre-processed by smoothing with the maximum overlap 
discrete wavelet transform (MODWT) and z-score normalization before the analysis. Neural 
network processing was just a tool created to fight such complexity we face in the literature. 
This was done by utilizing Convolutional Neural Networks (CNN) and Recurrent Neural 
Networks (RNN), a bi-directional long short-term memory (BiLSTM). 


4.1 Dataset 


The dataset consists of 3126 Phonocardiogram (PCG) recordings that are accompanied by 
contemporaneous electrocardiogram (ECG) recordings. Each recording has a duration 
ranging from 10 to 60 seconds. The auscultation of heart sounds typically occurs in four 
distinct places, denoted based on the positions where the valves are most audibly discernible. 
On the right side, the aortic area is precisely situated at the second intercostal gap. 
The extra intercostal space at the left sternal border is where the pulmonic area is situated. 
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The fourth intercostal gap on the left sternal border is where the tricuspid area is situated. 
The fifth inter-costal gap on the midclavicular line, which is close to the heart’s apex, is 
where the mitral region is situated. 


4.2 Data preprocessing 


In the first processing stage of the PhysioNet Challenge 2016 on heart sound data, certain 
crucial steps were implemented to guarantee optimal data quality and facilitate further 
analysis. The heart sound recordings underwent an initial comprehensive sampling proce- 
dure, during which the continuous analog signals were transformed into discrete digital 
samples. During this step, the raw signals undergo a transformation process where they are 
converted into a discrete description by using a predetermined sampling rate. This guaran- 
tees that the heart sounds’ temporal variations are accurately documented. Following the 
sampling technique, buffering was used to organize the individual samples into manageable 
segments. Buffers or windows of a pre-determined length were created to separate relevant 
sections of the heart sound data. By dividing the data into smaller segments, it became 
possible to manipulate and manage the data more effectively. This segmentation greatly 
facilitated efficient processing and analysis in subsequent phases. 


4.3 Feature extraction 


Feature Extraction means extracting useful and relevant attributes related to the collection of 
data. This is commonly applied to computing, neural networks and machine learning related 
fields. Therefore, it makes the process of obtaining information and applying it to various 
unique aspects dramatically more comfortable. They chose three different models to determine 
the spectral characteristics of the waves: Discrete Wavelet Transform (DWT) and entropy. 


4.4 Data classification 


The deep learning model was specially designed to include a fusion of two neural networks: a 
convolutional neural network and a Bi-directional long short-term memory (CNN-BiLSTM). 
The decision to join both networks was motivated by the knowledge from the literature that a 
consolidated model often achieves enhanced performance. The main determinant is the model’s 
ability to accurately identify and interpret both the spatial and temporal components included in 
the data. The following section offers a succinct summary of the structure used in each network. 


4.5 CNN 


In deep learning Convolutional kind of Neural Network does some dot product operation with 
the same weight values over window resized data input taken from certain portion of data. CNN 
has recently received massive support and has become a popular artificial intelligence method, 
because CNN is very strong in auto learning to detect and separate corrupt feature within 
objects. A convolutional neural network is a sequence of layers. Different layers have different 
tasks inside the network. In convolutions, a single input is operated by numerous filters to gen- 
erate outputs and display them as activations. Each of these generates a 3D volume, which is then 
fed into an “activation map” (or “feature detector”); A layer that combines all three in order to 
create one output. The Convolutional operation is the building block of a Convolutional Neural 
Network (CNN). This operation is represented mathematically as follows. 

Let I represent the input picture, K denotes the filter (also known as the kernel), and C 
represents the feature map (output). The convolution operation may be mathematically 
represented as: 


Cli.) = 0,0 LG + mi +n) K(m,n) (1) 


The generated feature map’s spatial indices are shown here as 1 and j. 
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The spatial indices of the filter (kernel) are m and n. 

The input value at location (i+m,j+n) in the input picture is represented by the symbol IG+m, 
jtn). 

K(m,n) is the filter value at position (m,n). 

C(i,j) is the resulting value in the output feature map. 

BiLSTM: 

Recurrent neural networks (RNN) have gained significant prominence in the field of deep 
learning, with applications in several domains like speech recognition, image identification, 
and language modeling. Therefore, LSTM networks were developed in 1997 to facilitate the 
preservation of enduring connections between data points. LSTM blocks consist of several 
gates, such as the input (i), output (0), and forget (f) gates. The major role of these gates is to 
act as memory blocks for a primary functional cell. Their responsibility includes storing the 
input and output activations and deciding the quantity of data to be preserved in the net- 
work’s memory. The description of this feature may be found in references. Moreover, a 
peephole connection is often established between the cell and its corresponding gates in order 
to function as a feedback mechanism. 


0; = o( WioXt + bio eb Wrohes + bho) (2) 


Time step t’s input is represented by xt. o is the sigmoid activation function, ht is the 
hidden state that exist at time step t, and ct is the cell state at time step t. 


5 EXPERIMENTAL RESULTS 


The model was trained through a 10-fold cross-validation strategy, for both CNN- 
BiLSTM network and the separated CNN, BiLSTM models. The CNN-BiLSTM net- 
work exhibited the optimum level from the results of Cohen’s kappa coefficient (97.92%), 
accuracy rate (98.12%), sensitivity rate (98.56%) and specificity rate (98.67%). This work 
allows deep learning models to now be considered for clinical diagnosis of valvular. The 
intent is to help doctors in decision-making and offsetting cardiac issues sooner than the 
various situations arise. In this study, we utilized the CNN-BiLSTM network architecture 
for training/classification. In the final, three specific scenarios were implemented to 
evaluate performance of Deep Neural Networks in detection of VHD. Here, the deep 
learning model was trained on 9 folds, and the remaining 10th fold was used for testing 
purposes. This is driven through the algorithm by, iteration steps that work across all 
observations in the dataset to make sure that indeed each half of the data ends up con- 
tributing as a test set (yielding comprehensive coverage) via many calls to the procedure. 
In order to perform a comprehensive test, we kept 70% data as training and the rest of the 
thirty percent for testing during hold-out strategy. The best is a deep learning algorithm 
was used to do that. We set the number of training epochs to 60 and chose mini-batches of 
size 64. The network was trained with a learning rate of 0.01 and L2-regularization value 
equal to 0.0001 


normal 


Figure 2. Sample input. 
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Model accuracy 


Count of diseases 


Figure 3. Diseases & accuracy result. 


6 CONCLUSION 


It proposes a novel deep learning-based approach using Convolutional Neural Networks 
(CNN) and Bidirectional Long Short-Term Memory (BiLSTM) networks, which can accu- 
rately distinguish between different types of valvular heart diseases by analyzing the 
Phonocardiogram (PCG) data. ConclusionThe proposed method showed the best perfor- 
mance of recently published results using a CNN-BiLSTM 98.12% accuracy. I put the model 
through a brief training/classification session and was able to successfully train it in under 
1 minute. This was a limitation in previous investigations. Plans for the futureOur plans 
include extending the patient base to a plethora of heart sounds. 
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ABSTRACT: In today’s changing technological landscape, various technologies continue to 
evolve, and among them, the mouse stands out as a remarkable invention facilitating human 
interaction with computers. Presently, three common types of mice are in widespread use: wired, 
wireless, and Bluetooth, all requiring power to connect a dongle to a PC. This study proposes a 
novel method for controlling the position of cursor without depending on any electrical equip- 
ment. To implement this, the proposed system incorporates OpenCV and Media Pipe. Media 
Pipe is employed for hand tracking, and OpenCV is utilized for image processing and drawing. 


Keywords: OpenCV, Mediapipe, Palm detection, Hand land marks identification, Cursor 
operation 


1 INTRODUCTION 


Gesture recognition plays a crucial role for communication between Humans and Computers. 
A hand-gestured navigation system is a technology that enables hand gesture-based commu- 
nication between people and digital interfaces. The central motivation behind implementing this 
hand-gestured navigation system is to enhance and innovate human interaction with computers 
by reducing dependence on physical devices. The project introduces the concept of controlling 
the screen by using finger movements, effectively replacing the traditional mouse with a simple 
camera. This alternative establishes an interface between the user and the system utilizing a 
camera, allowing interaction without the need for mechanical or physical devices, while still 
providing control over mouse functionalities. Actions such as clicking and dragging are per- 
formed using various hand gestures, leveraging the innate and effortless nature of commu- 
nication through hand movements. To implement this, the proposed system incorporates 
OpenCV and Media Pipe. Media Pipe is employed for hand tracking, and OpenCV is used for 
sketching and image processing. The proposed system is designed to offer a flexible alternative, 
particularly for individuals who may not find touchpads convenient or prefer a more intuitive 
means of control. Hand-gestured navigation provides users with a high degree of flexibility and 
freedom allows dynamic and comfortable interaction, especially in scenarios where traditional 
mice are impractical. This is especially valuable in situations like seminars and presentations, 
where the Presenters can use hand gestures to navigate through slides, transition between con- 
tent, and emphasize key points. Moreover, the goal of using hand-gestured navigation is to 
significantly slow the transmission of illness. such as COVID-19, by reducing the need for direct 
physical contact with input devices and shared surface. 


2 RELATED WORK 


Md. Zahirul Islam et al. [1] introduced a system for recognizing Hand gestures. CNN has 
been considered in this research to recognize static hand gestures. Data augmentation 
methods are used to expand the training dataset, enhancing model robustness. 
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JUN XU et al. [2] proposed a Robust Hand Movement Tracking system, which uses a 
RGB-D based method for identifying both static and dynamic hand movements in virtual 
human computer interaction. For static gestures, they introduce the K-CCD method, 
enhancing recognition with S curves and angle a features. Dynamic gestures are recognized 
using a unified feature descriptor combining joint distances and skeleton features, with the 
IDTW algorithm for recognition. 

Abdullah Mujahid et al. [3] presented a approach for Real-Time identification of Hand 
gestures,which introduces a lightweight model for identifying hand gestures, using YOLOv3 
and DarkNet-53 deep learning architectures. This system identifies objects in real time as 
well as motions captured in video frames. As of right now, this model can only identify still 
gestures. 

Fang Rong Hsu et al. [4] suggested a study on the user interface utilizing wearable tech- 
nology that relied on computer vision. The study presented three user interfaces that varied 
based on hand gestures and computer vision. Trajectory tracking was used to start the press 
event and obtain the trajectory picture for digit recognition, while color detection was used 
to identify the forearm and fingertip. 

Sruthy Skaria et al. [5] suggested a Deep-Learning method that uses Ultra-Wideband 
Radar to identify palm movements. The method uses the UWB impulse radar to identify 
hand gestures. A novel framework for translating the UWB impulse radar signal into a 
sequence of range-Doppler frames has been proposed. CNN-based classifiers then use these 
frames. 

Amardip Ghodichor et al. [6] proposed a Virtual Mouse utilizing palm Gestures and 
Color Detection.This proposed system maps the hand movement of a user to mouse inputs 
using a webcam and MATLAB. it utilizes colored gloves worn by the user, processing 
individual video frames separately using image subtraction to detect colors. 

Vantukala VishnuTeja Reddy et al [7]. Their work includes development of algorithm 
capable of color Recognition,gesture identification and cursor control. To accomplish this, they 
have used OpenCV library to process the images and the pyautogui library to control the cursor 

Vaidyanath Areyur Shanthakumar et al. [8] presented the idea of recognizing hand ges- 
tures for real-time interactions. Their approach involves utilizing a sensor-based movement 
monitoring system that captures 3D hand and finger gestures. Within their study, they have 
introduced an innovative angular-velocity technique enabling real-time recognition of both 
static and dynamic hand motions. 

Priyanka Parvathy et al. [9]. suggested a technique for hand gesture recognition. This 
method uses machine learning to recognize hand gestures based on eyesight. (HGR). Their 
work includes three stages: segmentation, feature extraction and classification. They have 
trained and tested this developed system using Sebastian Marcel static hand posture data- 
base. A multiclass support vector machine is used to classify data. 

Kabid Hassan Shibly et al. [10]. Introduced a Virtual Mouse using hand movements. 
Human-computer interaction (HCI), which makes use of hand gestures and computer vision, 
is the foundation of this system.With the use of a webcam or built-in camera, motions are 
recorded and processed using a color segmentation and detection algorithm. 

Viet Nguyen et al. [11]. introduced HandSense, a system designed to recognize dynamic, 
micro finger motions for interactions with a head-mounted device. HandSense measures 
capacitive coupling between electrodes applied to the fingertips to ascertain the spatial 
connections between fingers in real time.The proposed system employs a specific electrode 
placement configuration aimed to minimize the impact of the human hand. 

Xiaoliang Zhang et al. [12]. developed a sequence-based system for hand gesture detection 
that uses LSTM, a deep learning technique, to categorize hand gestures and distinguish 
between static and dynamic movements. The system comprises of customisable pressure 
sensor arrays in the shape of a glove and a MYO armband that can be worn. 

Wenjin Zhang et al. [13] designed a model for 3D hand gesture recognition. Four con- 
volution layers, two fully linked layers, and one dropout layer make up this model. The 
Jester dataset is used to train it.A laptop camera has been employed as an input sensor in this 
system. 
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Tejashree P. Salunke et al. [14] proposed a system introduces the concept of controlling 
PowerPoint Presentation without need of intermediary hardware devices. It extracts 
Histogram-ofGradient characteristics from given gesture images and employs the K-NN 
classification algorithm to classify them into one of four gestures. 


3 PROPOSED METHOD 


We have proposed the concept of controlling the screen by using finger movements, effectively 
replacing the traditional mouse with a simple camera. This alternative establishes an interface 
between the user and the system solely utilizing a camera, allowing interaction without the need 
for mechanical or physical devices, while still providing control over mouse functionalities. Here 
we have proposed a navigating system using hand gestures and gesture-controlled presentation. 
To implement this, the suggested system incorporates OpenCV and Media Pipe. The funda- 
mental concept is to detect the position of the hand in the camera frame and track the movement 
of the hand to move the mouse cursor accordingly. Hand gestures can be recognized by analyzing 
the movement and position of the fingers and the palm. The hand’s motion will be translated into 
the movement of the mouse pointer on your computer’s display after the hand’s position has been 
tracked. It is possible to replicate mouse clicks, right-clicks, and dragging movements using the 
finger positions. Webcam-Based Video Interface with hand gesture recognition control is shown 
in Figure 1 and hand with designated landmark points is shown in Figure 2. 


Using Webcam 


I] 


Start Video Interface | 


Hand Landmark 
Detection 


Recognize Hand 
Gesture 


Control Mouse 
Interaction 
U 
Perform Cursor 
Operation 


Figure 1. Webcam-based video interface with hand gesture recognition control. 


Start Video Interface Using Webcam: During this stage, we use the OpenCV library in 
Python to access the live webcam stream, enabling real-time capture of video frames, which 
are then processed and displayed on the user’s screen, providing a dynamic and interactive 
interface for further analysis and manipulation. 

Hand land mark detection: The MediaPipe package is employed to identify landmarks on 
the palm within each frame of the webcam feed. 
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Figure 2. Hand with designated landmark points. 
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Recognize Hand gesture: Hand landmarks are analyzed to recognize various hand ges- 
tures. This includes interpreting the positions and orientations of fingers relative to each 
other and the palm. This determine the current hand gesture, considering factors such as 
finger openness, finger ratios, and relative distances between landmarks. Control Mouse 
Interaction: manage mouse interaction based on the recognized hand gestures. Mouse 
movement is controlled by mapping hand positions to screen coordinates. The hand’s posi- 
tion in the frame determines the cursor’s position on the screen. 

Perform Cursor operation: Hand gestures are analyzed and interpreted in order to per- 
form various cursor activities, such as moving the mouse pointer, clicking, and double- 
clicking, based on the detected gestures. 


4 RESULT ANALYSIS 


Figure 3 shows the hand demonstrating various finger gestures for computer interaction and 
Figure 4 shows the slide deck showing hand gestures for presentations. 


W? Gesture Controler o x 


E? Gesture Comtroter - o x 


Bì Gesture Controtier - o x E] Gesture Conwoler - o x 


Right click: folding index finger alone and Left click: folding middle finger and index 
finger middle finger unfold. Unfold. 


Figure 3. Hand demonstrating various finger gestures for computer interaction. 
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Gesture Controlled Presentation: 
Pointing the content: index finger and middle Navigate to previous slide: Thumb 
finger are opened finger are opened. 


Agenda Quarterly perfor 


Enable the marker:index finger opened 
finger are opened 


Presentation 


Figure 4. Slide deck showing hand gestures for presentations. 


5 CONCLUSION 


This paper presents a novel approach for navigating system through hand gestures and also 
gesture controlled PowerPoint presentation. We have used different combinations of fingers 
to perform various operations of the mouse according to which particular combination of 
fingers is recognized. The project introduces the concept of controlling the screen by 
employing finger movements, effectively replacing the traditional mouse with a simple 
camera. This is particularly useful in seminars and presentations where presenters can utilize 
hand gestures to navigate slides, switch between content, and highlight crucial points. 


REFERENCES 


[l] Islam M. Z., Hossain M. S., ul Islam R. and Andersson K., (2019), Static hand gesture recognition 
using convolutional neural network with data augmentation, 2019 Joint 8th International Conference on 
Informatics, Electronics & Vision (ICIEV) and 2019 3rd International Conference on Imaging, Vision & 
Pattern Recognition (icIVPR), Spokane, WA, USA, pp. 324-329 

[2] XuJ., Wang H., Zhang J. and Cai L., (2022). Robust hand gesture recognition based on RGB-D data 
for natural human-computer interaction, in IEEE Access, vol. 10, pp. 54549-54562. 

[B] Mujahid, Abdullah, Mazhar Javed Awan, Awais Yasin, Mazin Abed Mohammed, Robertas 
Damaésevicius, Rytis Maskeliiinas, and Karrar Hameed Abdulkareem. (2021). Real-time hand gesture 
recognition based on deep learning YOLOv3 model, Applied Sciences 11, no. 9: 4164. 


855 


[11] 


[12] 


[13] 


[14] 


[15] 


Hsu F. R., Kuo Y. -H., Wei S. -Y., Hsieh Y. -H. and Nguyen D. C., (1 Jan. 2020). A Study of user 
interface with wearable devices based on computer vision, in IEEE Consumer Electronics Magazine, 
vol. 9, no. 1, pp. 43-48. 

Skaria S., Al-Hourani A. and Evans R. J., (2020). Deep-learning methods for hand-gesture recognition 
using ultra-wideband radar, in IEEE Access, vol. 8, pp. 203580-203590. 

Ghodichor, A. and Chirakattu, B., (2015). Virtual mouse using hand gesture and color detection. 
International Journal of Computer Applications, 975, p.8887. 

Reddy V. V., Dhyanchand T., Krishna G. V. and Maheshwaram S., (2020). Virtual mouse control 
using colored finger tips and hand gesture recognition, 2020 IEEE HYDCON, Hyderabad, India, 
pp. 1-5 

Shanthakumar, V.A., Peng, C., Hansberger, J. et al. (2020). Design and evaluation of a hand gesture 
recognition approach for real-time interactions. Multimed Tools Appl 79, 17707-17730. 

Shibly K. H., Kumar Dey S., Islam M. A. and Iftekhar Showrav S., (2019). Design and development of 
hand gesture based virtual mouse, 20/9 Ist International Conference on Advances in Science, 
Engineering and Robotics Technology (ICASERT), Dhaka, Bangladesh, pp. 1-5 

Shibly K. H., Kumar Dey S., Islam M. A. and Iftekhar Showrav S., (2019). Design and development of 
hand gesture based virtual mouse, 2019 Ist International Conference on Advances in Science, 
Engineering and Robotics Technology (ICASERT), Dhaka, Bangladesh, pp. 1-5 

Simpson, Serin V., Ravi Raju Y., Bhanu Rajesh Naidu K., and Gopika Venu. (2023). SECURE 
TRUST: a blockchain-enabled trust and reputation system for malicious node detection in IOT net- 
works. International Journal of Information Technology 15, no. 8: 4323-4336. 

Nguyen, V., Rupavatharam, S., Liu, L., Howard, R.E., and Gruteser, M. (2019). HandSense: capaci- 
tive coupling-based dynamic, micro finger gesture recognition. Proceedings of the 17th Conference on 
Embedded Networked Sensor Systems. 

Zhang X., Yang Z., Chen T., Chen D. and Huang M.-C., (July 15, 2019). Cooperative Sensing and 
Wearable Computing for Sequential Hand Gesture Recognition, in IEEE Sensors Journal, vol. 19, no. 
14, pp. 5775-5783, 15 

Zhang W. and Wang J., (2019). Dynamic hand gesture recognition based on 3D convolutional neural 
network models, 2019 IEEE 16th International Conference on Networking, Sensing and Control 
(ICNSC), Banff, AB, Canada, pp. 224-229 

Tsai T.-H., Huang C.-C. and Zhang K.-L., (2015). Embedded virtual mouse system by using hand 
gesture recognition, 20/5 IEEE International Conference on Consumer Electronics - Taiwan, Taipei, 
Taiwan, pp. 352-353 


856 


Challenges in Information, Communication and Computing Technology - V. Sharmila et al. (Eds) 
© 2025 The Author(s), London, 978-1-032-90173-2 
Open Access: www.taylorandfrancis.com, CC BY-NC-ND 4.0 license 


Kidney disease prediction using gen-AI approach 


Anand Kunal Mishra & S. Prabakeran 


Department of Networking and Communications, SRM Institute of Science and Technology, 
Kattankulathur, Chennai, Tamil Nadu, India 


ABSTRACT: This paper examines how the increasing prevalence of chronic diseases can be 
mitigated through the application of machine learning innovations. Our system employs 
advanced technologies like Convolutional Neural Networks (CNNs) for extracting features 
and K-Nearest Neighbors (K NNs) for predicting diseases. It integrates lifestyle data, medical 
history, and patient symptoms to automatically detect diseases at an early stage and offer 
personalized prognoses. This system, enhanced with LLM (Long Short-Term Memory), aims 
to surpass traditional methods by analyzing large datasets and identifying subtle patterns. It 
offers physicians valuable insights that enable timely intervention and improved preventive 
healthcare. Comparative research evaluating the system’s performance against alternative 
algorithms such as Naive Bayes, Decision Trees, and Logistic Regression reveals its potential 
to greatly enhance the field of artificial intelligence in safeguarding human health. 


Keywords: Chronic diseases, machine learning, CNNs, KNNs 


1 INTRODUCTION 


A data driven approach should be incorporated to address the rising chronic diseases challenge 
at global level. This paper elucidates the rising death rates and economic burden of chronic 
disease, in particular, demonstrating the urgent need for early intervention and risk factor 
prevention. With new analytics solutions in medical research easy access to demographic data, 
medical records, disease histories and environmental habitats makes it easier for collecting data. 
The utilization of IT to deliver healthcare, as illustrated by the intelligent ambulance and smart 
hospice feature, enables efficient and rapid delivery of care. Research suggests that while the 
number of patients growing rapidly in 2014) there is almost no difference between men and 
women with regard to the burden of chronic disease(load part) Structured data (eg, demo- 
graphics and lab results) can be augmented with unstructured data such as patient-reported 
symptoms and even doctor notes to capture valuable insights that are beyond traditional 
archive of structured information. Specifically, there are postures or characteristics of walking 
that characterize certain genes... these something-like-a-box-plots are probably not new (or 
BookLeaves would have found them), but we thought this is an instructive way of cutting the 
data - and added to Table 1 at the end: Related dataset 2 to BookLeafOpen_2018- 
03_dataWITHboundariesMLS_fixed3 middleware: However, it seemed just compiling all 
available information got us mostly screeWee!), so... Interestingly, we also had a large melleage! 
of human factorsThis result perfectly matches model literature on bi-didntemporary fake- 
blood-production behaviour. Recent years have seen the emergence of new data collection 
technologies, such as those based on MRI readouts, social media data and electronic beha- 
vioural data. Machine learning techniques can deal with noise and sparsity in high-dimensional 
healthcare datasets. Where they may shine is interpreting the many varieties of data from 
individual patients to diagnose diseases early or assess risk. Recognition and learning of 
knowledge Both, the task of feature selection and data preprocessing to impute missing values 
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contribute a lot towards an accurate prediction and optimization for training the model. The 
internet and technology are no longer elusive, and machine learning models can easily leverage 
information to predict disease risks based on symptoms shared by users. And this enables more 
people to self-defend now. Chronic diseases such as cancer, diabetes, cardiovascular disease and 
arthritis are characterized by long term evolution which culminates in increased mortality; 
hence they warrant early detection and intervention. This work focuses on exploring a diversity 
of machine learning techniques, such as supervised, unsupervised, and deep learning approaches 
to address the challenge of analysing real-world data and identifying significant traits that can 
help combat this world wide health issue. 


2 LITERATURE SURVEY 


Here we will go through some studies that have been done before to develope model for pre- 
diction of chronic disease. Consequent discussions are based on a literative study which assist in 
the framing of efficient and most effective system. This function used to get K Fold cross vali- 
dation score which is used to evaluate the training model and search best hyper parameter values 
on grid search. This study includes two more variables ie dependent and exploratory, the inde- 
pendent variable is year of analysis while dependent and exploratory are age, gender respectively. 
These factors are mentioned to make sure that they should be part of the healthcare budgeting 
process for its proper working efficiency. Review of Machine Learning Applications in Different 
Medical Areas We developed the model using these four machine learning methods: support 
vector machine (SVM), logistic regression (LR), decision tree (DT) and K nearest neighbors 
(KNN)) It is a purchaser, in this case when used in content classification techniques. Dataset The 
dataset used in the research paper is Indian chronic kidney disease (CKD) which consists of 
400 instances, 24 attributes, and 2 classes. Then experiment has been performed on the SVM 
classifier and from the results, it is clear that compared with other classifiers in accuracy, this 
classifier is performing well. Data Source: UCI Machine Learning Repository This paper is dealt 
with various machine learning models as Naive Bayes, KNN, DT, random forest, SVM learn to 
predict multi disease from few days. The goal of this system is to make it easier for patients and 
providers to share data in an effort to achieve those goals as they see fit. Efforts in the past to 
model predictions of disease with automation have somewhat eroded patient trust towards the 
much talked about buzzword that continues to haunt us as a profession “automation will take 
over all of our jobs” and hence clinicians should not worry. But this model includes a doctor 
recommendation module which is something like addressing both of these fears as a community 
as it calls in the doctors which helps business for the doctors also. The study in [39] applies 
PARAMO to large-scale EHRs for primary healthcare analysis using the new parallel predictive 
model from [43]. It mean to say This method checks e.g. for precision/recall/F-measure and 
Parameters. Machine learning models : In this section, a machine learning model based on risk 
prediction paper [43] for the prediction of diseases and random forest described. This model is 
specially implemented for it handles very imbalanced data. They are composed of a data layer to 
gather the data, data aggregation layer which extracts and transforms information from different 
kinds of source meters, analytics layer giving a broad examination of aggregated information, 
exploration following how to read a simple text form output in detail and get after-effect for this 
output after analyzing it, likewise big data governance. 


3 PRELIMINARIES 


3.1 Chronic kidney disease (CKD) 


Chronic Kidney Disease (CKD), as per the definition provided by the National Centre for 
Health Statistics, is a long-lasting condition that lasts for more than 3 months and hampers 
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the ability of the kidneys to eliminate waste and toxins from the bloodstream. In contrast to 
certain chronic illnesses, medication does not have a direct therapeutic effect on CKD, nor 
can it be averted through vaccination. However, the risk factors and progression of the 
condition can be effectively managed by making lifestyle modifications and intervening 
promptly. Chronic kidney disease (CKD) is a long-lasting condition that hinders the kid- 
neys‘ capacity to filter, and it has a worldwide effect, impacting millions of individuals. 
While it may not show any obvious symptoms at first, the advancement of this condition is 
influenced by harmful habits like smoking, an unhealthy diet, and a lack of physical activity, 
as well as underlying medical conditions like high blood pressure and diabetes. Both genetic 
inheritance and the natural progression of getting older contribute to this occurrence. 
Although medication or vaccines are unable to cure the condition, it is crucial to promptly 
identify it through routine checkups and efficiently address any underlying conditions. 
Implementing lifestyle modifications, such as adhering to a healthy diet, managing weight, 
and participating in physical activity, can effectively slow down the advancement of chronic 
kidney disease (CKD), alongside taking prescribed medications. It is crucial to promptly 
identify and act against potential issues in order to prevent complications like kidney failure, 
which may require dialysis or transplantation. 


3.2 Convolutional neural network (CNN) 


As the algorithm illustrates, the Convolutional Neural Network (CNN) is a deep learning 
algorithm that receives input, applies weights and biases to various elements, and then makes 
a distinction between them. Compared to other algorithms, CNN requires less preproces- 
sing, which is its main advantage. This is a result of CNN’s capacity for automatic filter 
learning and optimization. 


3.3. K-Nearest Neighbor (KNN) 


A supervised machine learning technique called KNN assesses the similarity between fresh 
and preexisting data. Then, as shown in Algorithm, it puts the new data in the category that 
most closely resembles the existing categories While KNN is mostly used for classification 
problems, it can also be applied to regression tasks. The lazy learner algorithm is a popular 
name for this technique. It retains the data set and uses it to carry out its actions during the 
classification process, rather than learning directly from the training set. 


2 PROPOSED METHODOLOGY 


This section gives a detailed explanation of the steps taken to prepare the model, create the 
data collection, and forecast diseases. The first stage is gathering data. We present a system 
that collects data, both structured and unstructured, from many sources. Data is pre- 
processed and split into several sets for testing and cleaning after it has been collected. To 
improve the accuracy of the prediction results, the training data set is then exposed to 
machine learning algorithms like CNN and KNN for a predetermined number of epochs. 
The constructed model is ready for testing once, after several epochs, the intended goal is 
reached. 


2.1 Data collection 


The real-world data consists of both structured and unstructured information, such as the 
patient’s symptoms and doctor consultations. Structured data comprises basic patient 
information including demographics, living situation, and lab test results. To protect patient 
privacy, the data set does not include the patient’s name, ID, or location. 


859 


2.2 Preprocessing 


Since majority of the structured data are missing values, the acquired data are preprocessed. 
Therefore, in order to improve the quality of the data set, it is imperative to complete any 
missing information or to eliminate or alter it. Additionally, the preparation stage removes 
all punctuation, white spaces, and commas. Following the completion of preprocessing, the 
data is submitted to feature extraction and disease prediction. 


2.3 Model description 


The data in this project are a better quilt of structured and unstructured factors that con- 
stitute a complete picture of the strategies used by these individuals at home to live life with 
chronicities. Structured lists of table with raw data for life aspects (eg, disease diagnosis and 
laboratory results) and demographic information (age, sex, height and weight), as well as 
HIV transmission risk being toe curly had been categorised. Example of textual data: 
Unstructured - patient symptoms, consultation narrative. These are qualities of language 
that data can never capture; they are what make the human voice so essential for better and 
more nuanced predictions about disease. The data is splits 80/20 as per best practices that is 
dataset are sgow in 30000 for training, testing on remain data so that model evaluate 
properly or conviently better generalizatoin. Various suggestions have been made to go 
beyond LLM (Large Language Model) capabilities in order to fully leverage this corpus: 

Improved Information Extraction: Extracting information is a specific forte of LLMs, 
more so when it comes to medical texts that by nature are complex and dense in details. They 
know the symptoms and what drugs were mentioned during doctor visits which will allow 
them to create more powerful future vectors, hence better predictions. 

But LLMs can be put into production to much profit, in part by automation that turns vast 
quantities of text data into features with carefully constructed by-humansuntlet: Automated 
Feature Engineering with LLMs in Production for the powerful and the subtle Full Stack 
Deep Learning This can help in making your model generalizable and give better results. 

2. Personalized Risk Assessment (with human in the loop): One uses individual patient nar- 
ratives with all information that is specific to the patient including symptoms, fears and medical 
history for training LLMs. This may result in individualized therapies and preventatives. 

Better Explainability: The use of LLMs can give the explanation for the predictions in an 
easier way that will help doctors to know better why a model is making a specific diagnosis. 
This brings in decision- making and trust. 


3 LLM-ENHANCED FEATURE EXTRACTION 


Train pretrain using non-technical medical text: Train an LLM on a large corpus of textual 
medical data, such as clinical notes and medical journals. 

This will capture the contextual meaning of medical terminology, linkages, and nuances 
by this pre-trained model. 


3.1 Fine- tuning based LLM features 


Tuning the pre-trained LLM with a target dataset. This leverages the LLM - using its skills 
in your domain to utilize its knowledge for semantically rich abstractions of unstructured 
data (symptoms or doctor notes). 


3.2 Combine with CNN features 


To further enrich the feature representation of illness prediction, we concatenate the LLM 
features with original CNN ones. 
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3.3 Explainable KNN with LLMs (Contextual Similarity ) 


Instead of using just Euclidean distance to measure the semantic similarity between the test 
case and training examples, use a language model (LLM). This accounts for the context and 
importance of a feature, not just a raw value. 


3.4 Produce explainable predictions 


Learn a LLM to explain the KNN forecasts Maybe it will judge the nearest neighbours and 
highlight the most important textual elements that contributed to the prediction, thus 
making it more accessible for physicians to interpret what was found. 


3.5 Risk and benefit expectations 


Patient narratives Provide LLM training in the individual medical histories, symptoms and 
concerns of each patient. When its time to learn how to create Risk Factors Analyze the 
narratives using the LLM and find a possible risk factors (unique) to each patients 
Customization of therapies: Employ illness prediction data and LLM learnings to deliver 
tailored therapies/ preventive techniques for every patient. 


4 SYSTEM ARCHITECTURE 


The block diagram of the proposed method is shown in Figure 1. 
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Figure 1. Block diagram. 
5 RESULTS AND DISCUSSIONS 


This graph shows the differences of prediction accuracies of four algorithms which are Naive 
Bayes, decision tree, logistic regression and proposed CNN and KNN methods as 52%, 62%, 
86% and 96%. This demonstrates that the proposed framework produces an accuracy of up to 
96% which is the best as compared to previously existing approaches taken by other machine 
learning algorithms. This paper evaluates the performance of the model proposed in contrast to 
other algorithms such as Naive Bayes, Decision Tree and Logistic Regression proudento. 
ConclusionThe proposed system performance based on the results gives that the accuracy 
achieve is 95% which is the highest accuracy among those of both algorithms. The author 
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believes the proposed system could significantly mitigate chronic diseases risk by early identi- 
fying them and decrease cost on diagnosis / treatment / consultation costs with doctor. This 
graph shows the different performance evaluation parameters of the four algorithms like Naive 
Bayes, decision tree, logistic regression, and proposed CNN — KNN algorithms and these 
performance measures are precision (52%, 64%, 84%,and 93%, respectively), Recall (80%, 
65%, 88%, and 99%), Fl-score (65%,62%,82%,and 97%) in this study. Conclusion: The above 
results illustrate that the model developed by CNN with KNN algorithm at 93%-99%-97% for 
precision-recall-Fl-score is acknowledged as even better than any of previously three algo- 
rithms used. A Large Language Model (LLM) Landscape is presented. 


6 CONCLUSION 


This paper proposed a method of identification and prediction of the presence of chronic 
disease in an individual using the machine learning algorithms such as CNN and KNN. The 
advantage of the proposed system is the use of both structured and unstructured data from 
real life for data set preparation, which lacks in many of the 
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